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ABSTRACT 


One of the central tenets of economic theory is that every 
commodity has a common production function. An examination of two digit 
manufacturing industries located in various regions of Canada suggests that 
the aggregative counterpart of this micro-economic assumption does not hold 
for all cases. The evidence for this conclusion rests on findings which 
indicate there are significant inter-regional differences in the elasticity 
of substitution and the efficiency of labour use in two digit manufacturing 
industries. The evidence HEISE that Western and Central Canada 
have similar manufacturing technologies. 

An examination of the factor-price equalization theorem suggests 
that its conclusions do not provide a satisfactory basis for explaining 
inter-regional movements in factors and commodities. It is demonstrated 
that the possibility of factor reversals holds true for a large number of 
manufacturing industries. 

Manufacturing industries which do not exhibit significant regional 
differences in production functions have elasticities of substitution that 
are approximately equal to one. This suggests that the Cobb-Douglas 
production function has a wide degree of general applicability for cross- 
sectional purposes. 

Finally, it is noted that the elasticity of substitution and the 


efficiency of labour use exhibit a high degree of stability over short 
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periods of time. This conclusion rests on an analysis of seventeen, two 


digit manufacturing industries for the years 1964 and 1965. 
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CHAPTER I 
INTRODUCTION 


A cursory examination of the locational pattern of secondary 
manufacturing industries in Canada indicates there are Sepa neien 
differences in the level and type of economic activities carried out in 
various regions of the country. There are a number of factors responsible 
for the existing pattern of industrial location ranging from federal and 
provincial policies, the proximity to large consumer markets, historical 
accident and the least cost locational decisions made by various corporate 
enterprises. It seems clear that if any attempt is to be made to success- 
fully shape the pattern of industrial development within various regions of 
Canada that an attempt must be made to explicitly delineate the form of the 
underlying economic relationships. 

This thesis attempts to explicate one facet of these complex 
sets of economic relationships by examining some of the technical charact- 
eristics of various two digit manufacturing industries located in certain 
regions of the country. In particular an attempt is made to determine 
whether there are inter-regional and inter-industry differences in the 
elasticity of substitution of capital for labour and the efficiency of 
labour use in various manufacturing industries. Both of these parameters 
are important in determining the relative share of income received by 


various factors and the pattern of inter-regional trade. 
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Format of the Thesis 

Chapter II consists of a brief survey of the theory of production 
and an overview of the econometric studies which have dealt with the 
elasticity of substitution between capital and labour. 

Chapter II is divided into two parts. Part 1 is concerned with 
the temporal stability of the elasticity of substitution and the efficiency 
of labour use in Canadian manufacturing industries. Part 2 deals with the 
effect of regional influences on these two parameters. 

Chapter IV is concerned with the effect of inter-industry 
differences in the elasticity of substitution on the returns received by 
factors of production located in various regions of Canada. 


Chapter V consists of the conclusions and observations. 
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CHAPTER II 


THE THEORETICAL FRAMEWORK AND 


RELATED EMPIRICAL RESULTS 


Part 1 of the following discussion provides a brief overview of 
the salient aspects of production theory which are required for the econo- 
metric analyses provided in Chapters III and IV. Part 2 consists of a 
brief outline of some of the empirical results which have been obtained 


by a selected group of investigators. 


Part 1: The Theoretical Framework 
The primary objective is to briefly outline the theoretical 
relationship that exists between a C.E.S. (Constant Elasticity of Sub- 


stitution) production function homogeneous of degree 'l' expressed by: 
v= [BK~P + aLPy-1/P (II-1-1) 


where V is output, Kis capital, L is labour, a, 8, p are parameters-- 


and the following relationship given by: 
log y = log a+ b log w (II-1-2) 


where y = V w= .. (Ww is the total wage bill and 'a' and 'b' are 
iG . 


parameters.) 


The relationship between (II-l1-1) and (II-1-2) is developed in: 


two stages. Stage I briefly outlines the general neo-classical properties 
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of the production function and the definition of the standard terms and 
concepts. Attention is paid to the establishment of the conditions under 
which estimates of the elasticity of factor substitution can be obtained 
without reliance being placed on capital stock data. 

Stage II deals with the way in which C.E.S. production functions 
can be generated from (II-1-2). The relationship between the various para- 
meters are carefully delineated. Finally, a brief overview is presented of 
some of the specific economic results that are obtained by using a C.E.S. 


production function.} 


Stage I: The Production Function and the Elasticity 


of Factor Substitution 


The conventional way of expressing the general form of the 
production function is as follows: (II-l-3). V = F(K, L); where 
V is output, K is capital stock and L is the labour force. The following 


restrictions are imposed: 


lit should be noted that the discussion follows well worn paths in 
economic theory. In the majority of cases the treatment or discussion of 
standard topics is considered to fall within the “province of common know- 
ledge" though it should be carefully noted that the bulk of the discussion 
relating to the C.E.S. production function has been adopted or adapted from 
the article by K. J. Arrow, H. B. Chenery, B. S. Minhas and R. M. Solow, 
“Capital-Labour Substitution and Economic Efficiency", The Review of 
Economics and Statistics, Volume XLII, (August 1961), pp. 225-250. 


2The import of these standard restrictions have more to do with 
mathematical and statistical tractability than with general production 
theory. Bodkin and Klein note: ‘fhe textbook form of the production function, 
in two dimensions, is an S shaped curve passing through the stages of 
increasing marginal productivity, an inflection point, and decreasing 
Marginal productivity. Eventually, production function specification must 
deal with multi-variate parametric forms of this type. In most cases, 
investigators have confined themselves, in empirical research, to a single 
branch of this neo-classical production function--namely the branch of 
diminishing marginal productivity." 
R.G. Bodkin and L.R. Klein, “A Non-Linear Estimation of Aggregate 
Production Function", Review of Economics and Statistics, Volume XLIXx, 


february 1967, p. 29. 
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and (4) aBY, = F <0 (F, and F th inal physical d 
KZ KK . K p are e marginal physical products of 


capital and labour.) 
Since it is assumed that the production function is homogeneous 


of degree ‘l' the above may be written in per capita form. 


= -XK apes =-]— 
y f(x), x L’ y L (II-]-4) 


and the marginal products of capital and labour may be expressed as: 


MEETS anf 
oe gt = thx) (Tees) 
and - Wy eee) (1-1-6) 


The movement along a given isoquant--the marginal rate of sub- 
stitution of capital for labour (R)--is given by: 


abe E(x)es xt GOs (1T=1-7) 
Bre £1(x) 


Elasticity of Factor Substitution 


The responsiveness of changes in the capital-labour ratio due to 
changes in the marginal rate of substitution is given by the elasticity 


of substitution of capital for labour (0) which is expressed by: 


Ox™ e109 % . After the appropriate substitutions are carried out: 
d log R 
_ th (x) (E(x) -xth (0 J 
6 aad “e* con hq invert (II-1-8) 


ME (5) Gf (3) 


Under perfect competition (factor and product markets) and profit 
maximizing behaviour every factor receives the value of its marginal 


product. More explicitly, if 'w' and ‘r" are the real wage rate and the 
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rate of return to capital, then 
w= f(x) - £1(x) (II-1-9) 
and r= fl(x) (II-1-10) 


The price of the product serves as the numeraire. 
Given the above equilibrium conditions, Arrow, Chenery, Minhas and 


1 


Solow (hereinafter referred to as A.C.M.S.) demonstrated that (II-1-8) can 


be expressed as: 


ey ESI, 2 (II-1-11) 


Ww 
d log y y dw 
This result ensures that ordinary least squares regression 
analysis can be used to provide an estimate of the elasticity of factor 


substitution by regressing: 
log y = log a + b logw 


where 'b' is to be interpreted as an estimate of the elasticity of sub- 


stitution and log a is the intercept term. 


Stage II: Derivation of the C.E.S. Production Function 
A.C.M.S. demonstrated the manner in which a production function 
could be generated from (II~1-2). Given (II-1-4) and the equilibrium 
condition set out in (II-1-9) it follows that the functional relationship 
between '‘w' and 'x' can be inverted to give a monotonic increasing 


relationship between 'y' and 'w'; namely, y = $(y - x dy) which has a 
dx 
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solution y = F(x,A). 


More specifically, if w=y - x dy, then (II-1-2) can be re- 
dx 


written as 


log y = log a + b log (y - x dy) (II-1-12) 
dx 


Taking anti-logarithims and solving for dy , 


dx 
Wie, cal . 
SL eum ese 5 ile uit (11-1-13) 
dx al/by eS 


where a = a1/P ana p=l1f- 1. 
After re-arranging and integrating the resultant production 


function is expressed by: 

y = (Bx-° + a)~l/e (II-1-14) 
Rewritten in its full form: 

V = [BK7~P + aL7P}-1/0 (II-1-15) 


The net result is that given the appropriate assumptions the 
simple regression log y = log a + b log w, can be used to estimate two of 
the parameters of a C.E.S. production function. The slope coefficient ‘b'-- 
the estimate of the elasticity of factor substitution--is used to determine 


the magnitude of the substitution parameter 'p'. 


The intercept term 'a' yields some interesting information. In the log 


linear expression ‘a' determines the height of the line or the value added 
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per man hour per dollar expended on labour in a certain industry. In this 
sense this term is a measure of the efficiency of labour. (In its original 


form y = aw? which implies a = ze In (II-1-15) the coefficient of 
w 


labour 'a' determines the portion of the product which is divided between 
capital and labour--'ceteris paribus’ the other parameters. Since 
a= a l/> it is evident that the portion of the product accruing to labour 
depends on the "efficiency" of labour and the elasticity of factor substitu- 
tion. 

It is useful to expand this point further by noting that if the 


C.E.S. production function is written in the form! 


y = y(6x- + (1 - 6)}71/P (II-1-16) 
where a + 8 = y © and By®=6, that (II-1-2) can be expressed as 


leg y= - 1 log y °(1-6) + 1 logw (II-1-17) 
1+p 1l+p 

If y.is interpreted as the neutral efficiency parameter, 6 as the dis- 
tribution parameter and po as noted previously, the constant intercept term 
noted as ‘'a‘ in (II-1-2) is a composite of a number of parameters. One 
useful result obtained from this type of a breakdown is that given all 
other parameters significant differences in intercept terms between indus- 
tries would be based on differences in the "neutral efficiency" term set 


out in (II-1-17). 


Economic Results and Properties of the C.E.S. 
Production Function 


The C.E.S. production function (constant returns to scale) has 


lipid., p. 230. 
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all of the "well behaved" properties required of the general production 


relationship. The marginal products of capital and labour are given as 


follows: 

1+P 1/9 
El sory learyaaye 2 ME got ie 
ek OK BiMAre ap = 27) = a(7) 


The marginal rate of technical substitution is expressed by 


aK 1/0 Fea Ve 
R(K, L) = — (= =e as sa Ws) 
(K, L) B sy 3 (x) (II-1-18) 
Under competition and profit maximization R(K, L) = = or 
ae w (II-1-19) 
B xr 


The portion of the product accruing to capital and labour is given by: 


l+p 


SR AS (II-1-20) 
G) ab) 
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The Economic Implications of Different Elasticities of Factor Substitution 


o>1: 


Since 6 = b = 1 , o>l implies -l<p<0O. If p = -1, then go == 
1l+p 


and the resultant isoquants are simply straight lines; however, in the case 
where -l<p<0O the isoquants are convex to the origin and cut both axes. It 


is clear from inspection of the following y = (Bx 9+ a) ~1/P. that output 


per unit of labour becomes infinitely large as the capital labour ratio 


lrefer to R. G. D. Allen, Macro-Economic Theory, (New York: 
MacMillan, 1967). pp. 52-55. 
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increases without limit; however, if the capital labour ratio tends towards 
zero the average product of labour is maintained at some positive minimum, 


namely, a~1/?, 


o=1 
If p=0 then o=1 and the resultant production function is of the 


Cobb-Douglas oon. 


o<l 
If 0<p<m, then o<l. Let V = V and express the equation for an 


isoquant at V = eB + a oe The isoquant does not approach both axes 
fe) 
K 


L 


asymptotically since in the limit K = v-8!/° and L = Veal/P . 


As 9 approaches ~, o approaches zero. The resulting isoquants 


are right angled and the production function is of the Leontief form. 


Relative Factor Intensities 

As the previous discussion has indicated one of the most 
interesting features of the C.E.S. production function is centered around 
the fact that estimates of the elasticity of substitution may range from 
zero to infinity. This implies that it is virtually. impossible to char- 
acterize one industry as being relatively more capital or labour intensive 
than another in the absense of factor price information since differences 


in the elasticity of substitution in the industries guarantee that there 


lrefer to A.C.M.S. Pp. 2ol fOr ardiscussion Of this spointesince 
it is not obvious from inspection of any of the above results. 
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always exists a critical wage profit ratio at which factor intensity 
ratios will be switched. 
The theoretical basis for this conclusion is set out in the 
following discussion. Given (II-1-15) and (II-1-19) the capital labour 


ratio in a particular industry is expressed by: 


x= K= (B ow Y (II-1-21) 


If we consider a case where there are two industries each with a different 
C.E.S. production function incurring equal costs per unit for their factors 
of production it follows that the relative factor intensities of the two 


industries are given by: 


(II-1-22) 


It is evident the relative factor intensities of the two industries are 
only invariant with respect to w/r if 0, = 55- For example, if the 
entire set of industries under consideration happened to fall within 
either the Cobb-Douglas case (o=l) or the Leontief case (o=0) then it 
would be possible to classify industries as capital or labour intensive 
irrespective of the factor price ratios. It is most unlikely that this 
fortuitous state of affairs is likely to occur in all instances. 

The problem of determining the critical factor price ratio at 


which the factor intensities of a particular set of industries will be re- 
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versed is largely an empirical one. Minhas spells out the procedure in 
some detail. The general point to note is that given a production function 
which allows any values for the elasticity of factor substitution between 
O and © one must clearly allow for the fact that given different elasticity 
estimates changes in the ratio of factor prices can lead to quite 
different mixes in the quantity of labour and capital used in a particular 


industry.” 


Part 2: A Survey of the Empirical Results 


The path breaking article written by A.C.M.S. in 1961 ‘touched 
off" a veritable explsion in terms of the number of articles and studies 
which have been carried out in the segment of the literature dealing with 
the economics of production. At a very early stage it was realized that 
the special A.C.M.S. case which assumed that the C.E.S. production function 
was homogeneous of degree 'l* could be easily extended to a more general 
formulation of degree he 3 The next step in the sequence was centered 
around the developments of more generalized production relationships which 
included among other things a Variable Elasticity of Substitution (V.E.S.) 


production function which allowed the elasticity of substitution to vary 


1p.s. Minhas, An International Comparison of Factors Costs and 
Factor Use, North-Holland Publishing Co., Amsterdam, 1963, pp. 32-42. 


2Reference should be made to J. S. Chipman, "A Survey of ‘Inter- 
national Trade: Part 3, The Modern Theory", Econometrica, Volume 34, 
No.l, (January 1966), pp. 57-/0, for an excellent discussion of the 
C.E.S. production function and the potential impact the A.C.M.S. results 
have had on conventional international trade theory which is predicated 
on the invariance of factor intensities. 


35, Paroush, "The h-Homogeneous Production Function with Constant 
Elasticity of Substitution: A Note", Econometrica, Volume 34, No. l, 
Qanuary 1966), pp. 225-227. 
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freely with the capital-labour ratio.! The obvious non-linearity of the 
C.E.S. function and its more complex successors led to the development of 
a small body of highly specialized literature dealing with the success 
obtained in trying out a number of non-linear estimation techniques .? ALE 
of these developments were further augmented by investigators who were in- 
terested in applying these results in the areas of economic growth, inter- 
national trade and regional economics. The net result is that at the pre- 
sent time there are a large number of empirical and theoretical articles 
dealing with the estimation of aggregation production relationships in 
various temporal and spatial settings.° 

It is not particularly edifying to spend time in attempting to 
survey all of these studies given the fact that a number of the major 
theoretical issues and empirical results have been set out in publications 

lrefer to the Articles by Y. L. Lu and L. B. Fletcher, "A General- 
ization of the C.E.S. Production Function" and R. Suto and R. Hoffman, 
“Production Functions with Variable Elasticity of Factor Substitution: Some 
Analysis and Testing", contained in "A Symposium on C.E.S. Production 
Function", Review of Economics and Statistics, Volume L, Number 4, 1968, 
pp. 443-481. 

2Refer to R. G. Bodkin and L. R. Klein, "Non-Linear Estimation of 
Aggregate Production Functions", Review of Economics and Statistics, 
Volume XLIX, (February 1967), pp. 28-41 and Hiroki Tsurumi, "Non-Linear 
Two Stage Least Squares Estimation of C.E.S. Production Functions Applied 
to the Canadian Manufacturing Industries, 1926-1939, 1946-1967", The Review 
of Economics and Statistics, Volume LII, Number 2, (May 1970), pp. 200-206. 

3rt should be noted in passing that the article by F. M. Fisher, 
"The Existence of Aggregate Production Functions", Econometrica, 
(October 1969), pp. 553-558 has highlighted the old question dealing with 
the existence of aggregate production functions. Developments and araqu- 
mentation on this theme could eventually lead to the use of more meaningful 


production relationships and/or the reformulation of much of the basic 
econometric work in this area. 
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produced by the National Bureau of Economics Research! and the Review of 
Economics and Statistics.” In view of the above, the following procedure 
has been followed. Nerlove's table summarizing the set of time series and 
cross-sectional estimates of the elasticity of substitution (Table II-2-1) 
has been reproduced to give an overview of the wide variation in the results 
which have been obtained. It is realized that these results in and of them- 
selves are not completely meaningful unless the underlying theoretical models, 
estimation procedures and sources of data are noted; however, it is equally 
clear that this end could only be achieved by duplicating Nerlove's work. 
The following brief overview of the empirical studies will concentrate on 
the cross-sectional work. The time series studies will be dealt with ina 
few general comments. The sole justification for treating the time series 
studies in what may be judged to be a cavalier manner simply rests on the 
fact that the primary thrust of this thesis lies in the adaptation of the 
A.C.M.S. procedure to cross-sectional estimates of the elasticity of 
substitution in Canadian manufacturing industries. The time series work 

is considerably more complicated both in terms of the theoretical questions 


that are being pursued--economic growth, technical advance etc.--and the 


Lethe Theory and Empirical Analysis of Production", Murray Brown, 
Editor, National Bureau of Economics Research Studies in Income and Wealth, 
(Columbia University Press, 1967), The article written by Marc Nerlove, 
"Recent Empirical Studies of the C.E.S. and Related Production Functions", 
pp. 55-122, is extremely useful for obtaining an overview of the applied 
econometric aspects of various production function developments. 


2"°A Symposium on C.E.S. Production Function Extensions", 
Review of Economics and Statistics, Volume L, Number 4, (November 1968). 
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type of econometric techniques which are used. Furthermore, in virtually 
all of the time series work capital stock data of various sorts and quality 


are utilized. This data cannot be obtained at a provincial level in Canada. 


Cross-sectional Estimates of Factor Substitution 

The results of the cross-sectional studies noted in Table II-2-1 
are set out in more detail in Tables II-2-2, 3 and 4. The following points 
should be noted with respect to these studies. First, the A.C.M.S. study 
(log (oe log a + b log w) utilized sets of observations on value added 
per unit of labour and the wage rate in twenty-four, three digit industries 
located in nineteen countries for a time period spanning the years 1950 to 
1955. The general conclusion was that the elasticity of substitution (0) 
was greater than zero and less than one for fourteen of the twenty-four 
industries. 

Secondly, Fuchs (Table II-2-2) used the same data and modified the 
specification to allow for a possible shift in the intercept term. The ef- 
fect of this type of specification was to allow for differences in the 
efficiency of labour between two classifications based on a grouping of 


é d 2 ane N ; 
countries into a ‘developing’ vis-a-vis a 'developed' category. Unfor- 


1) brief comparison of the econometric models specified in 
Chapter III and the sophisticated treatment carried out by Yehuda Kotowitz, 
"Capital-Labour Substitution in Canadian Manufacturing 1926-39 and 1946-61", 
The Canadian Journal of Economics, (1968), pp. 619-631 clearly illustrates 
the point. This point is further re-enforced by examining the article 
written by H. Tsurumi, op. cit., pp. 200-206. 


rt was impossible to obtain capital stock data from the Dominion 
Bureau of Statistics (D.B.S.) for various industries at a provincial level. 
A letter received from D. Bruce Petrie, Chief, National Wealth and Capital 
Stock Section, Business Finance Division of D.B.S., July 19, 1969 stated, 
"Unfortunately, we are unable to provide any capital stock estimates on a 
regional basis.--and given present priorities and resources it will be 
some time before we will be able to consider developing regional estimates.-- 
I am not aware of any comprehensive or reliable set of estimates which would 


be of use to you.” 


foisutitedy2 soI08% to ae sngoisoeer220% 


[<O-1f ofdeT ni boton esibude Isnobtove-2eox 93 to ‘esiveot ost | 


sintoq priwolie? eff .8 Bas & ,S-S-1T eoldeT at Linséb. 30m ni dic joe di: 


youve .2.M.D.A oft .dari® .eerbuse sees OF A9vG0287 esas betoa od bivods 


bebbs sufev no anoijavasede to essa baxifssu tw eot a + = pol =) cot) 


eeear St? 


sotusaubnal sipib osrdt ,wot-ysoews nt ster aphw onc Sip avodsl to Jiay 134 
od O2@L axesy ott painnsqe Boiseq sis & 07 zalyinned xesdsoin at ba2eodk 
(o) fotiusivedye Yo ySioitesta of gadj esw noteutonos Ipteaep off «2201 
tvol-yinews sAt To asadiwor to2 ano ners eeel bis otes mais tess sozp esw 


wit Oa, SSS 


4d beitibom bas steb emse sda beew (S-S-TT mae cia syibnosse : 

<3s SAT .mts? Jqeotetal sit at Jiine asdvewie 6 102 wots og ip ideosndbeee 
odd mi eoometattib 10% wolle o1 e6W | asec cet el ‘4o say2 2ict to 3993 7 
30 paiquory & ne bored snoitestitezsio ows nsewiede swede! Ro yousto lie i 


-totnt! .ysopstss ‘beqoleveb'’ s aiv=eeeiv Aide 1 & odal ao tastes Fe 


a ae ji 
. — 
7 
Hi boitinsce elabom 2ixsdomonos> ait to noeixeamoo teiazd at i 
s3iwotod sbhudsY ya tyo beltixs> Jaemsots- bsdsoiseingqoe end baa Itt 2a * f 
Ma-abeL bne €€-dcPL partusasivast asthe ol noxaut sede’ rolex # eee: y 
eoverteulli yinsela Lea-elo .aq ,(Sa@l) ,z0umgnos4d Jo senso, Biscn: 
oloi3zis sit phinimaxe yd besreias~st bake ei 4 doq 2idt «dn ‘ 
@0S<005 , Pao 19] ) oe Pt 


P| et 
: tnt 
fotnimot! adt mos? sieb saad i ‘2 ‘ntpsdo bas ; 
| -Loval fetonivorq 6 76 goimgaybei auoizay xo} 4 


*  tesiqeo bas Adis at ete seal «0 
- i , bsdete eOeL , ee fe a te 1 ni rt ti 
: a 5 fo eusemisee Parra abbvot pe hed caches 


--,essemizes Lstoipes yniaoLlaveb 
bivow rotiw aedemizes to Ise 


-l17- 


** *panutquos/ 


(O1') (LO°) 
86°0 18°0 .Zuyavem puy Buruuids 
(€ST*) (SIT) (ST*) (Se*) 
ce0°t 9L9° 80% S9°T Lo°t 8s°T SyoNposd [Iw e[y4xay, 
(0€*) (@S*) (1°) _ (ST") 
96°T or°s an | cL'0 oo0NgoOL 
(81°) (Z1") 
06'0 82°0 qugng 
(TT*) (40°) 
LO0°T 06°0 sjoNpoid Aiayog 
(LT*) (OT*) 
cel 16°0 Sjonposd [jw puw usin 
(OT*) (80°) Sutuuva 
60°T 98'0 814830504 pus ying 
(80°) (40°) 
06°0 cL’0 8jOnpoad Alyeg 
(ZET") (Zo1") (26°) (9T*) 
oL6'0 09s" p6o'l psl’% 69°0 8s'0 8jONpoad paipuly pue poo, 


Tnorssewoy [uorssasoy 194304 ~~ saekoidwq —_(FOGT) (I96T)  (€96T) (1961) Aajenpuy 
wo woay uoljonpoig lv MO[CS = UBISBUIN | syONY *JD 1a 


GonnziWeqns uorznyW8qng i 5! 
39 AoNsely Jo ANONSRLA q(S96I) PuBsqapliy-niy ory 


o(S96T) sewsIyq 


SeTaysnpul butanjoejnuey ut 


anogey pue Te 3¢de> usemzeg uot3naATAsqns 3° AQFOFASeTy_ ayy zo SoVeUFISA UOTIOBS-ssozD--"7z-z-IT Favs 


lied 


\ 


-18- 


/°***panutquog (81°) (60°) 


90°T ¥8'0 S{!IO pue e784 
(60°) (90°) 
90°T 06°0 STBormays *ostpy 
(01°) (20°) i 
Il't €8'0 S[BOTWaYyo o1euq 
(€90") (960°) (S6°) . 
Of0'T 60° 88°0 vo'T #1°0 87,onpold pue sjeolmeyg 
(190°) (SZT") (12°) (60°) (90°) 
9OT'T 189° Z0°T 20°C L8°0 Surystiqnd pus Burjuiag 
(820°) (Z90") (10°T) (S¢*) (81°) (O1*) 
8£9°0 £02" pol’ p90'T TM | 09°T 160 L6'0 syonpoid pue ‘iadnd ‘ding 
(090°) (60°) (IT*) (€2") (60°) (¥0") 
FEET 969° 296'0 pco'0 rae 60°T FO'T 68°0 semj}xXy pus einyiumy 
(II1") (920°) (60°) (IT") (FL) (20°) 
TOI’ 6LL’ 16°0 00°I 66'0 660 80'l 98°0 830Npoid poom pues zequmy 
(I81") (PET") (€T") 
620°T ges’ p8e's er'l To'l syonpoad peye|au puw jomddy 
(80°) (90°) 
c6'0 6L°0 S{[ lw Buliny 
eS 
I] Uolsseisey =f uolesaay 8104104, seefkoidug  (P96T) (1961) (€96T) (1961) Arjenpul 
woy woy worzonpolg lv MO[OS = uBlsuUIW  eyony °f2 1a 
wor7ynzI48qQnNS wot4nz}WeqQng 7 *molly 
Jo ANoUSeTy 30 ApOOwLG q(S96T) PuBsqepi}H-nyy] 


o(S9G6T) semAryq 


POnUTIAUOS——"7%-Z-II FIGVL 


courrunsg- 


-]9- 


“****penutquos/ 


(I1*) (S0") 
9L°0 18°0 10038 pue voy 
(9ET°) (190°) -  (S8"T) (2°) 
896°0 560° p00°t p66°0 L8°T 26°0 S7ONpoad [ejow Aewiry 
(Zo") (ST") 
Te'l 26'0 UES) 
(€T*) (¥0") 
80°T 06°0 SoyUIBIED 
(OT*) (80°) 
Lol 00°T 8sBID 
(02°) (O°) 
99°0 26°0 8yonpoad ABID 
we (LL0%) (OIT") (9F") (SZ*) 8yONpoid 
488°0 T6r° prr'l p80'l cE°0 6S'0 86u/3 puw ‘Bo *auojg 
(ZI1°T) (6P1") (40°) (62°) (OT") (90°) 
9C1°T 80° £6°0 6L'°0 68°0 26°0 86°0 98°0 Spoos 10y}89] pus i OL | 
(FFI") (880°) (88°) (63°) 
LEO'l E0P* 6E°T PPT 8P'T c8'0 8,0npoad aaqqny 
(€80") (TIT*) (IL*) (90°T) 
Tle'T of Oe P27B[ND[Bd 40N Srl bS°0- 8jOnpoad [vod puv WNeoljeg 


I vorssewoy ff uctssaway —saayz0q Beexoidwy (F961) — (1 96T) (E961) — (T96T) Aajenpuy 
wo wog UoTjONPporg lv MOTOS = UB SBUIW 2 P4Yony *[2 ia 

TONNIWSEGNg —_- UoT]NjTWEBGng : *moury 

JOANONSVIG Jo Ayoneey a S961) PUBaqoPTIH-nyy] 


o(S96T) Soutayq 
PeNUTAUOS=-~°7-7-T] TIGVL 


oi 


¢ 


; i “a a oa oe 


= 


==20= 


"€O—-TOmad mé-o (do PINS EEN 


Se ee eee ee eS. SS Se eee 


‘109 PIBpuyzs 67! GOIM) A[JBOM 01781 I0QBI-[Bz1CHD JO FUEIOIJO0D, 
*J01I9 PIUPUBIS 871 GOIM} UBY) aIOW! BI UOCTSsaIZ0I UI JUATOIJa00 O78 70QUI-[ByIduD,, 
*sainjopjnupy Jo snsuad LCG] WOdy BBP 97848 [BzIdBO OF UIN4aI JO 0781 OY} UO [uzIdB 


9 JO z1UN 19d pappu on[Ba Jo 
Woyasoie2 Opwyy Leo] 8} [J] uolsseiFeI $781 83UM GY} UO JOqQuT Jo yun Jed pappe enjwa jo uolssagas ro} 


WY zIBdO] SI] Uolsso13 82], 
*87[NGed pus Poyjoul OY} 10} 9-p Ba[quy, vag “Poppe ON[BA Ut [B7IdVd Jo arvys {CET 42 paindwoo, 
*eIpul ‘uedup ‘uojAag ‘bey ‘BIsepoyy wiayjnog ‘1OPBAlBS Iq 
*‘BuyQUesIY ‘Oo}xeW "IzBIg *BIqUO]OD iq dnoin ‘oory eng ‘puBleay ‘wopsuyy pez *ABMION ‘yTBWUEG ‘BlENHEny ‘pue[vaz Mon 
“BpeuBy ‘ge787g peyluQ 3] dnoin ‘*paonponut 7 dnoin 40J Q ‘J dnoan acy T™ S1Q8H8A Yrys tednai-om OjuI UaxoIq 89lqjUNOD, 


ee ee 


(ST") 6] °npoid 
pso'l ero'l 6S°T paqe[e1 puw sjuewnszeq] 
(8°) (6P°) 
pl6'l plo’e 90°0 40'S quewdinba uolnezodsuesy, 
(OSE*) (601°) (PS*) (E€*) (12°) (T°) 
029°0 r6l’ pol'l p6L’0 Le'0 9e°T £0°T L8°0 Asoutyouw [VoLnoe|y 
(ZOL") (120°) (SP*) (1d°) 
Sr2'0 TZt° obP'0 p09°0 69°0 T€°0 AJoutyovwu [wotazDaT9UONY 
(6F1*) (SET’) (66°) (LT*) (60°) 
0S6°0 TOP’ esv'0 pOL'0 08°00 10°T 06'0 SjoNpoid [ejaw peywouqey 
(02°) (21°) 
¥6"0 10°T 8[Bj0W sNoUeEsuON 


[Uolssoioy =] Uolssasey 8194104 = SeoKoldMy = (POET) (T96T) (€96T) (T96T) 
wo woy worjzonpolg lv Mo[og = UBSsuUIW «= eqony *J0 3a 


BONNIWEQng = UoT7NzTWeqGng *mouly 
JO AyoneeIA Jo Apopeeq F961) PUMAOPITH TT 


o(SO6T) souiAryg 


Anenpuy 


qpenutquoo--"7-7-II FTEWL 


+ aimiinagol sl Tl noluserget jetet gp ert na todal So Jinit 19q bebba pened apie 
.syuHtsolunolt jo evens Tet! mori ps5 seis Halgao oO} mutate oir pal) soda ayes 


Patio 
‘sen. “oo BO 


Por bar.o e000 ASC PRO 
A (ba) (68) 8.) (S1.) 
"at 10.8 2.0 20 eS 
(22) (8b) 


Bayt "EST 7.4 


a get be Fl quer 10, 
ast “ent obvau'T mini ; ee a 
» ' nah) 


veluaer ban bortiam adi 10).8<e soldat 692 ybsbba. ouley 0) re 


sory biahrusta ell eoiwd natty stot at noleaengyt at jnsigitads Gifer 3 
gone ltebasia ott eolws. yiteva Oilat. ‘étattnthe he’ 


.£8-18.qq, ,.Jd4o «go avolrsi: 


-2l1- 


TABLE II-2-3.--Elasticities of Substitution on Two-Digit Manufacturing 
Industries, United States, 19571 


Q = Blo,K3 + o,L3]/8, ¢ = 


1-2 
@ = Atyn @ = AttPos 
L K 
a —————————————_—_——————— lll 
Industrial Number of 
Classification Industry o, R3 os Rt Observations 
20 Food and Kindred 0.8222 0.3966 0.7683 0.7655 40 
Products (0.1636) (0.0690) 
22 Textile Mill Products 0.9675 0.6752 0.8128 0.7930 21 
(0.1540) (0.0953) 
23 Apparel and Related 1.2140 0.6345 0.7681 0.8216 24 
Products (0.1965) (0.0763) 
24 Lumber and Wood 0.8750 0.8833 0.6352 0.7624 23 
Products (0.0694) (0.0774) 
25 Furniture and Fixtures _ 1.1730 0.8150 0.7427 0.9665 22 
. (0.1250) (0.0309) 
267 Pulp, Paper and Products 1.4321 0.2626 1.1558 0.8012 30 
(0.4541) (0.1088) 
37° Printing and Publishing 0.9980 0.6436 - 0.8255 0.9385 15 
(0.2061) (0.0586) 
28 Chemicals and Products 0.8697 0.2554 0.9059 0.9219 327 
(0.2715) (0.0481) 
29 Petroleum and Coal Products 0.8915 0.1500 0.7702 0.9666 17 
(0.5491) (0.0370) 
30 Rubber Products 1.5625 0.5888 0.8082 0.8322 16 
(0.3491) (0.0970) 
31 Leather and Leather Goods 0.8573 0.4348 0.8170 0.8751 16 
(0.2612) (0.0825) 
32 Stone, Clay and Glass 1.0273 0.5341 0.9682 0.9000 27 
Products (0.1920) (0.0646) 
Primary Metal Industries 0.7654 0.1255 0.8360 0.7436 28 
(0.3965) (0.0963) 
Fabricated Metal Products 0.5570 0.2043 0.7172 0.6451 33 
(0.1982) (0.0955) 
35 Machinery, Except Electrical 0.7468 0.0843 0.3644 0.2422 30 
(0.4662) (0.1218) 3 
36 Electrical Machinery 0.5915 0.1041 0.7294 0.8667 25 
(0.3625) (0.0596) 
37 Transportation Equipment 1.2428 0.12381 0.6854 0.5129 23 
(0.6367) (0.1310) 


© Number in parenthesis is the standard error of the estimate. 


13. J. Dhrymes and P. Zarembka, "Elasticities of Substitution for 
Two Digit Manufacturing Industries: A Correction", Research and Statistics, 
Volume LII, No. 1, (February 1970), pp. 115-117. 
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tunately, Fuchs included Japan in the group of developing countries as well 
as imposing the constraint that the estimates of the elasticity of sub- 
stitution (b) would be identical for both groups. The results obtained from 
this specification suggest that twenty-two of the twenty-four industries 
have an elasticity of substitution which is not significantly different 
from one. 

Thirdly, Minasian and Solow used the original A.C.M.S. specification 
to obtain estimates of the elasticities for various manufacturing industries 
in the United States for the years 1956 and 1957. The regional breakdowns 
used were at the state level (Minasian) and sets of states (Solow). Com- 
parison of the two results indicates that there are substantial differences 
in certain industries. Nerlove outlined a number of possible factors which 
might tend to explain these differences ranging from the observation that 
1957 was a recessionary year as compared to 1956 to suggesting that the 
heterogeneity of the product mix at the state level would be more extreme 
than at a higher level of aggregation. He concludes with the statement that 
“when there is a lot of noise in the system apparently small changes can 
produce substantial variation in the system". 1 

Fourthly, Dhrymes used the A.C.M.S. specification for the same year 
and the same type of regional breakdown as employed by Minasian. Inspection 
of both sets of results indicates that there are substantial differences. 
Nerlove's remark with respect to this inexplicable state of affairs is as 


follows: "The only explanation for these gross differences appears to be 


a slight difference in the basic series employed." In effect, the 
SEETTEsTTTTnEES Tne eaE 


lmarc Nerlove, op. cit., P- 70% 


2ibid., p. 74. 
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274 
estimates of the elasticities of substitution obtained from cross-sectional 
analysis seem to be inordinately sensitive to very small changes in the data.} 

Fifthly, Murata and Arrow adopted the A.C.M.S. technique. and 
carried out a cross-sectional study for twelve, two digit industries for 
the years 1958-1956 and 1957-1959 on an international basis. (Twenty- 
three countries including Canada.) The results set out in Table II-2-4 
indicate a mixture of unitary and inelastic values of the various elast- 
icities. Clearly, there is nothing to support any contention that a two 
digit industry classification of industrial activity results in signifi- 
cantly different values from a three digit breakdown. 

Lastly, the Liu-Hildebrand results (Table II-2-5) are based on 
estimates of the elasticity derived from a general production function 
which includes the C.E.S. production homogeneous of degree 'l' as a special 


case. This function can be expressed in per capita terms by: 


y = [Bx7? + ax7™P)-1/p (it =9=)) 
where 0 = l-b, m = , as 1-b L/o' 8 = -c(1-b) 
b 1-b (1l-b-g)a al/b.,, 


If g = O then m = O which implies that this production function is reduced 
to the C.E.S. constant returns to scale case. 

It should be noted that this function is generated by extending 
the basic A.C.M.S. specification to include K/L as well as w. In effect, 


log y ="“Iog a+ b’ leg*w*t+"g log x (Ii-2-2) 


(where x = K/L) 


nnn nn eae UayUytaI EIS SIS SSS SSS SS 


lreference should be made to Table II-2-3 for a revised version 
of Dhrymes' results since it was discovered that the results reported in the 
last two columns of Table II-2-2 were obtained by regressing the wage rate 
and the return to capital on the value added per unit of labour and capital, 


respectively. 
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Substitution of the equilibrium condition 


Wese¥ =x 
x 


into the above yields a differential equation which upon solution has the 


form depicted in (II-2-1l). 


The elasticity of substitution is expressed by 


(II-2-3) 
1tp-pm 


Sk 
where (S)) capital's share in the product is expressed by 


S 


ua (fx) 
Kibbor pels 


This indicates that the elasticity of substitution is a function of x = 


rl Fes 


which implies that under the Liu-Hildebrand specification the elasticity 
of factor substitution varies with changes in the K/L ratio brought about 
by changes in the factor price ratio.+** 
Liu and Hildebrand used the 1956 “Survey of Manufactures" data 
of two digit industries partitioned on a state basis to carry out their 
estimates. Results are reported for two different categories of labour 
breakdown provided in the manufacturing sector. It is evident from 


inspection of Table II-2-5 that 'g' is statistically significant and greater 


than zero in a number of industries. In effect, if p>0 and m>0 given 


wbtieay See aeeee 


2rhe basic Liu-Hildebrand formulations outlined here were also 
used by Y. L. Lu and L. B. Fletcher, op. cit., pp. 449-450, and by 
Y. Kotowitz, op. cit., pp. 624-625 and 628. It is interesting to note that 
Kotowitz found that the Liu-Hildebrand form of the production function 
did not provide as good a fit as other competing specifications. 
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TABLE II-2-5.--Summary of Liu-Hildebrand (1965) Regressions for Two-Digit 


Industries4 l 


er reece sg ns ices teas i USSSUUSSASELSSSSNSSEERNERSENENOROSS 
a eeeeeeeeeeeeeeeeee eee 


All Employees Production Workers Only 
—————————————— ee 
Industry b g R N b g R* oN 


SS ee a a 


Food and kindred 0.407 -446 048 35 0.282 -430 464 35 


products (177) (4139) (144) (.148) 

Textile mill 0.975 .160 .695 18 1.427 .122 .641 18 

products (175) (109) (.299) (.156) 

Apparel and related 1.071 .097 .669 18 1.094 .211 .617 18 

products (.263) (.086) (374) (.102) 

Lumber and wood 0.990 .002 .943 14 0.989 -.0°3 .920 14 

products (.135) (.070) (.165) (.090) 

Furniture and 1.258 -.154 .859 19 1.402 -.191 .807 19 

fixtures (128) (.072) (.177)  (.102) 

Pulp, paper, and 0.386 .331 .730 28 0.298 .304 .657 28 

products (.322) (.050) (.340) (.069) 

Chemicals and 0.866 .201 .424 31 0.780 .076 #309 31 

products (.231) (.085) (.254) (.109) 

Petroleum and 0.180 .282 .152 18 -0.027 .309 .213 18 

coal products (.716) (.224) (951) (.283) 

Rubber products 1.278 .018 .523 16 1.231 -.052 .738 16 
(.553) (.217) (.286) (.132) 

Leather and leather 0.890 -.050 .368 15 0.926 .0003 .434 15 

goods (.457) (.113) (528) (.118) 

Stone, clay, and 0.539 .295 .611 25 0.568 4.309 .627 25 

glass products (COLT) ee (065) (.175)  (.069) 

Primary metal 0.298 .321 .234 28 0.187 1.374 + &.250 28 

‘ products (.704) (.141) (.683) (154) 

Fabricated metal 0.401 .178  .336 32 0.189 .243 .298 32 

products (.207) (.068) (.208) (.080) 

Machinery except e222) 9258. -o400 oor Oreo2 204) cosemed 

electrical (.263) (.100) (.226) (.104) 

Electrical 0.300 .278 .483 22 0.606 .202 .494 22 

machinery (.210) (.071) (.233) (089) 

Transportation 1.008  .214 .504 26 0.998 .205 .441 26 

equipment (.448) (060) (545) (.073) 

Instruments and O60 lee © 217.0 OR681" 12) R.0:874imi.196 Bcs80Shel2 

related products (.294) (.116) (.264)  (.098) 


—————— 
N = number of observations. 


*Summary of estimates of regressions of the form 
log V/L = a + 6b logw + g log K/L 
for two-digit industries from Census of Manufactures, 1957, in Liu-Hildebrand 
(1965, pp. 36-39). 
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g>0 then the estimate of the elasticity obtained--if only 'b', the 
coefficient of log w in (II-2-2) was used--would be less than the estimate 
given by (II-2-3). If p<O and m<O and g<O then the Liu-Hildebrand 
estimate of o will be less than in the A.C.M.S. case. The point to note is 
that if the above specification is accepted then the A.C.M.S. estimates 


of o are biased in an upward or downward direction. 


Time Series and Cross-Sectional Studies 

A cursory examination of Table II-2-1 indicates that the cross- 
sectional estimates of the elasticities of substitution appear to be greater 
than their time series counterparts. This is not a fleeting impression as 
is evidenced by the series of comments made by Kotowitz at the close of 
his rather extensive investigation of capital and labour substitution in 
Canadian manufacturing between 1926-39 and 1946-61. 

The conclusions of the study are: 

(1) the elasticity of factor substitution 0 < o < 1 for aggregate 
manufacturing and for various two digit manufacturing industries; 

(2) the elasticity of substitution has decreased from 0.7 in the 
pre-war period to 0.3 in the post war period; and 

(3) the two digit estimates of o are similar to the estimates 


obtained for the United States.}-2 


lyehuda Kotowitz, "Technical Proaress, Factor Substitution and 
Income Distribution in Canadian Manufacturing 1926-39 and 1946-61", 
The Canadian Economic Journal, (February 1969), pp. 106-114. 


2kotowitz states that "A comparison with Lucas shows fairly close 
correspondence for all those industries where the values of o are signifi- 
cant in both studies...McKinnon's results are generally much poorer. 
However, for these industries where o is significant they too correspond 
fairly closely to our results." (Refer to Table II-2-1 for both McKinnon's 
and Lucas' results.) Y. Kotowitz, “Capital-Labour Substitution in 
Canadian Manufacturing 1926-39 and 1946-61", op. cit., p.629. 
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Given these results he notes: 

It must be pointed out that cross-section results suggest 
that the elasticity of substitution is close to one. Attempts 
at reconciliation between cross-section and time series analysis 
have not been successful. Thus, although I believe that the 
time series results offered here are better for analysis of 
aggregate movements over time than cross-section results, it 
must be acknowledged that this unexplained contradiction in the 
evidence exists.1l 

In effect, there are substantial differences within and between 
various cross-sectional and time series estimates of the elasticity of 
substitution. 

One point that has emerged from the foregoing discussion is that 
the majority of investigators have assumed that the observations obtained 
from various industries across different regions (states, countries etc.) 
are obtained from a common production relationship. 2 This maintained 
hypothesis should be subjected to empirical testing since it is not at all 
clear that one can assume on ‘a priori’ grounds that the production 
relationship obtained for some two, three or four digit aggregations of 
industries--given observable differences in the industrial mix ina 
country, province or state--can be said to be identical. One of the 
Major reasons for the apparent sensitivity and diversity of the various 
estimates of o may simply stem from the fact that various investigators 
have used different production function mixes to obtain their estimates 
of the elasticity of substitution in a given industry. One of the 


chief objectives of the analysis set out in the following chapters is to 


determine whether there are significant inter-regional differences in the 


leotowitz, "Technical Progress, Factor Substitution and Income 
Distribution in Canadian Manufacturing 1926-39 and 1946-61", op. cit. , p. 113. 


2arrow, et. al, in "Capital-Labour Substitution and Economic 
Efficiency", op. cit., p. 237, noted that their assumption of a common 
production function across countries was a "naive" hypothesis. 
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elasticity of substitution in various manufacturing industries located 


in Canada. 


CHAPTER III 


INTER-REGIONAL DIFFERENCES IN THE ELASTICITY 
OF FACTOR SUBSTITUTION AND THE 


EFFICIENCY OF LABOUR USE 


The brief overview of the various studies surveyed in Chapter II 
suggests it is highly adviseable to determine whether there are significant 
inter-regional and inter-industry differences in the estimates of the 
parameters of various aggregate production functions. The discussion 
and empirical results set out in this Chapter attempt to deal with the 
first issue; however, the scope of the inquiry is restricted to the examina- 
tion of the elasticity of substitution and the efficiency of labour pare- 
meters. The reason that the investigation is limited in this fashion stems 
from the fact that there are no reliable breakdowns of capital stock data 


1 


at the provincial level in Canada. Given this constraint the set of pos- 


sible theoretical specifications is reduced to one element--the basic A.C.M.S. 


specification noted in Chapter II. 


log . Bt fog? awPibnlogew (1II-1) 


Given (III-1l) an attempt was made to obtain a detailed breakdown 


of observations on value added per unit of labour and the average wage rate 


lrefer to footnote § 257° paalo, chapterelt. 
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in each of the twenty, two digit manufacturing industries located in the 
ten provinces of Canada. The basic objective was to determine whether 
there were any significant inter-regional differences in the two production 
coefficients set out in (III-l). The problems and eventual "working 
compromises' which were reached with respect to the breakdown of the data 


used in the study are summarized in-the following discussion. 
The Data 


The data used in the study were obtained from the Dominion Bureau 
of Statistics publications "Manufacturing Industries of Canada" for the 


- This data consisted of observations on the average 


years 1964 and 1965. 
wage rate and value added in manufacturing (production) categorized by 
province and by a twenty, two digit standard classification of industrial 
activity for each of the respective years. D.B.S. breaks these twenty 
Major (two digit) industry groups into 140 three digit industries. 
Eighteen of these industries are broken down into fifty-six four digit 
industries. The confidentiality constraint imposed by the Statistics Act 
severely restricts the amount of information that is provided at the 
regional level for certain industries. The net result is that the ob- 
servations found under any particular two digit heading will vary from a single 
two digit entry to a set of three and four digit observations. 

All of the observations that were published for each two digit 
industry in each province were utilized--double counting was avoided. 


This procedure differs from that of a number of other investigators who 


have employed two or three or four digit observations exclusively; 


a 


IeBeSe ‘Manufacturing Industries of Canada, Sections B,C, oD 
and F (1964 and 1965 respectively). (Queen's Printer, Ottawa, July 1968 


and 1969). 
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however, it is argued that the procedure is perfectly legitimate as long 
as one accepts the maintained hypothesis that two digit industries have a 
common technology. In effect, investigators who use a single two digit 
observation for a given region are simply recording a consolidation of 
three and four digit activity without obtaining any reflection of the inter- 
industry variation within the region. 

It is suggested that even if this argument is not accepted the 
worst possible interpretation is that the observations reflect the activity 
of some "average" composite industry which is neither two, three or four 
digit in nature. This would not be any more or less meaningful than the 
standard artifact which is an “average” two digit industry. Cross- 
sectional observations in Canada are obtained from a ten province parti- 
tioning of economic activity. One either has to live with this size of 
Sample and in many cases not carry out a study or opt for larger samples 
and run the risk of losing the purity of a particular industrial 


classification. y) 


A number of constraints were imposed on the scope of the regression 
analysis due to the paucity of observations in a number of the twenty 
industry, ten region cells set out in these publications. The following 
steps were taken to obtain samples with a ‘viable’ number of observations. 
First, observations were pooled for the years 1964 and 1965.1 The results 


of the pooling were not favorable in the sense that a large number of the 


Iinis pooling of the data rests on the assumption of temporal 
stability. This point is examined in some detail in the following section. 
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cells still did not contain samples of a ‘'reasonable' size. This situation 
provided the impetus for the second step which resulted in a reduction in 
the number of regions from ten to a group of three: Western Canada, Central 
Canada and the Atlantic Provinces.l As a third measure three of the twenty, 
two digit industries had to be eliminated because they were either concen- 
trated in one or at most two of the regions or regulations under the 


Statistics Act prevented D.B.S. from publishing the data2 


The Econometric Analysis 


Format of the Analysis 

The discussion dealing with the industrial and regional breakdown 
of manufacturing data indicates that the analysis should be divided 
into three parts. Part 1 deals with the question of whether any bias 
is introduced into the analysis by pooling 1964 and 1965 data. Given 
these results Part 2 deals with the effect regional influences exert on the 
elasticity of factor substitution and the efficiency of labour in various 
two digit manufacturing industries located in the Atlantic Provinces and 
Western and Central Canada. Part 3 deals with economic interpretation and 
Overall significance of the results. 

The analyses contained in each of these parts are organized 

in the following manner. Firstly, the general specification of the appro- 


priate regression models is given. Secondly, a joint test of all the 


URefer to Table III-l1 for a listing of the individual Se 
and a definition of the three major sub-groups. 


2 The list of two digit manufacturing industries included in the 
study is set out in Table III-2. The industries excluded due to their 
limited representation in various regions of the country are the Tobacco 
Products, Rubber and Knitting Mills Industries. 


mmo ato 
tere ie EA 5 0% euseant 


Lexdas2 ,sbeasd misseeW <poxrlt wo gposgn cant mo anon 30, dann At 
\winows 94% Yo eoxid sxvesam Sridt 6 2h Lesbaivort oitasitA eit bas sbsasd 


aneones ‘otis ssew yer? seusned Besaaimite od o2 bet eobeteubad 2tpth ows 
siti reba enoiasiepes x0 entolges aly 20 ow 320m 46 x0 eno ah Belge? 
© ageb oid poideildeq mow? «2.4.0 basnawerg 294 apiseisa32 


eieyianA edt Yo tamrxot 

nwobissid Isnoiper bas Isiutevbat ads dziw eakiaas noleeupeib. sdT 
bebivib od bluode eteyisna ot) sad eatsothni eteb puiuvtostunsm to 
asid yas xsdisiw Yo noijesup sit daiw efseb 1 3469 «.etisq ssid? otal 
nevid .sish 2301 bne PdPL pailoog yd efeylans. edz otal eer al 
sd¢ no grexe esonsulini Isnoipss tpetie oid dtiw alssb & tas etiuess seorld 
avokisv ai rwodel Yo yotsioitis siz bre noitostredye 167962 Io ysivisesle 
bis 2snaivoxrt sliansisaA ste mi betsool Boiitaubai patrusosivasm tipi ows 
ban notisjaxqredni oiménoos dtiw efseb — tusd = .ebemso fsxjas> brs n39daoW 
-etivess eft 30 somesoitinpie Iiszeve 

besinepioc sis 2a3taq sasd2 Jo dose ai bamkeInoo, zseylane ocT 

-ozgd6 sit to noitsoiliosge Isisnep ont ~yidextt .aennem paiwollolt elt mt 


silt Ile to #e99 tniot & ,yibaoose .ndvip et zishom noiezorps1 sieisq 


esonivesq Laubivibni sd3 te vnttei{ 5 102 {-tIt aids? oa xsxen™ 
sequoxp-due socém gexdt afd io nois taiteb s bas 


eis ci bebyloni esixzavbni pats setunem tipib ows Jo Jail th 
stant oF eub bebyloxs esis: £3 .$-IiI sideT ni suo toa ei ybuta 
oscsdoT afd ete yisauoo and to: a2 BuOLITEY nt Aditstasesiget botimil 


-26i7 allim pniztin® Bas zediuR ,edoubort 


-34- 


TABLE IITI-1.--Classification of Regional Groups. 


I. PROVINCIAL GROUPING 


Number Region 
0 British Columbia 
1 Alberta 
2 Saskatchewan 
3 Manitoba 
4 Ontario 
5 Quebec 
6 Newfoundland 
7 Prince Edward Island 
8 Nova Scotia 
9 New Brunswick 


II. WESTERN, CENTRAL AND ATLANTIC GROUPING 


10 Western Canada (British Columbia, 
Atberta, Saskatchewan, Manitoba) 


11 Central Canada (Ontario and Quebec) 
12 Atlantic Provinces (Nova Scotia, 


New Brunswick, Prince Edward Island 
and Newfoundland) 
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TABLE III-2.--Classification of Industry Groups 


14 


15 


16 


17 


18 


19 


20 


INDUSTRY 

Food and Beverage 

Leather Industries 

Textile 

Clothing 

Wood 

Furniture and Fixture 

Paper and Allied 

Printing, Publishing and Allied 
Primary Metals 


Metal Fabricating (except Machinery and 
Transportation Equipment Industries 


Machinery Industries (except Electrical 
Machinery) 


Transportation Equipment 
Electrical Products 
Non-Metallic Mineral Products 
Petroleum and Coal Products 
Chemical and Chemical Products 


Miscellaneous Manufacturing 
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differential intercept and slope coefficients is carried out to determine 
whether these coefficients differ Significantly from zero. If this null 


hypothesis is rejected individual tests of various dummy coefficients are 


carried out. 


Part 1: Inter=Temporal Effects 


The answer to the question of whether the pooling of data for the 
years 1964 and 1965 introduces any bias into the estimates of the elasticity 
of factor substitution and the efficiency of labour is obtained by deter- 
mining whether there are any significant differences in the coefficients of 
two linear regressions in each of the seventeen, two digit manufacturing 


industries. This can be shown by the following. 


The Specification 


Rewrite (III-1) as: 
VY. 20.0. +. 6X. + 6. (III-1-1) 
i i ‘z 


where Y = log -, X = log W (W - wage rate, € - stochastic term and a and 8 
are the intercept and slope coefficients with the same interpretation as 


noted previously. 


The two regression models for the jth industry are: 


— 
= 
I 


Yo; = Ap + BoX5; + Enq, 17 l===n> 


where the subset of observations labelled 'l' refers to 1964 and ‘2! refers 
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to 1965. If inter-temporal effects are unimportant a, = a2 and B, = 82 and 
the specification set out in (III-1-1) can be NBed "forall i= [1,2,..0N1) 


observations where N = N, + Nj. Clearly, other 'less desirable’ 


results can occur. 


The procedures adopted for testing the coefficients are as follows: 

1 for all observations in 1965 
Let Dy = 

O for all observations in 1964 


The dummy variable form of the ordinary least squares regression model can 


be written as: 


where Yo and Yo are the intercept and slope coefficient for the base year 
1964 and y; and y3 are the differential intercept and slope coefficients. 

Yo and Y2 are equal to a, and 8) respectively while (Yo + Y) = A> and 

(Y> Bakes ae 5. (U; is the stochastic term.) Ordinary regression procedures 
applied to the single equation set out in (III-1-3) provide the basis for 
determining whether significant differences exist between the coefficients 


in (III-1-2). In effect, Hy? ,=0 and Ho 


7¥ 3=0 are tested by the standard 
‘t' test for individual regression coefficients. 

The above tests of individual dummy coefficients are extremely 
useful; however, the first point that must be clarified is whether the 
joint contribution made by all dummy variables (intercept and slopes taken 
together) are significantly different from zero. This may be achieved by 
recognizing that (III-1-1) incorporates a hypothesis which assumes that 


temporal factors do not influence either the efficiency of labour or the 


elasticity of factor substitution (the intercept or slope terms) while 
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(III-1-3) allows for temporal influences by allowing both the intercepts 
and slopes to vary freely. The basis for testing whether temporal effects 
are important simply amounts to determining whether the increment in the 
residual sums of squares resulting from the removal of the dummy variables 
from (III-1-3) is significant. If "S" is the residual sum of Squares obtained 
from the analysis of variance of the completely restricted regression 
(III-1-1) and "S," is the residual sum of squares obtained from (III-1-3)-- 
the completely unrestricted model~-then the appropriate joint test of the 


null hypothesis Ho: ¥1=Y3=0 is given by:+ 


p= (S - S})/K(P - 1) 


K refers to the number of explanatory variables; 'p' is the number of 


classes and 'N* is the total number of observations. 


The Results: 

The appropriate 'F' values for the seventeen, two digit manufact- 
uring industries are set out in Table (III-1-1). Casual inspection is 
sufficient to indicate that the null hypothesis cannot be rejected in any 
of the industries. Reference to the regression results set out in 
Table (III-1-2) indicates that the 't' values for all of the individual dummy 
coefficients are highly insignificant. On the basis of these two sets of 
results it is reasonable to conclude that there are no intertemporal 
differences in the estimates of the efficiency of labour and the elasticity 


of factor substitution in Canadian manufacturing between 1964 and 1965. 


lrefer to J. Stewart and A. J. Rayner, "Qualitative Factors in 


Linear Regression Analysis", The Manchester School (April 1971), p. 350 
for a definition of this test and an extensive discussion of the dummy 
variable and related techniques. A text book exposition is given by 
J. Johnston, Econometric Methods, 2nd. edition, (McGraw Hill, 1972), 


pp. 192-207. 
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TABLE III - 1 - 1: Joint Tests of Significance Pertaining to the Pooling 
of Data for 1964 and 1965 in Seventeen, Two digit Manufacturing Industries 


S.I.C. Name “F" Value Degrees of Freedon 


Numer- Denom- 

ator inator 
Food and Beverage 0.29 2 211 
Wood 0.55 2 89 
Paper and Allied 0.81 2 54 
Printing, Publishing and Allied 0.75 2 50 
Metal Fabricating ' 0.13 2 106 
Transportation 0.83 2 | 58 
Non-Metallic Minerals 0.47 2 100 
Miscellaneous Manufacturing 0.45 2 163 
Leather | 0.03 2 22 
Textile 0.55 2 69 
Clothing 0.03 2 56 
Furniture and Fixture | : 1.11 2 32 
Primary Metal : 0.22 2 37. 
Machinery Industries - 0.58 2 27 
Electrical Products 0.11 2 37 
Petroleum and Coal Products 0.37 2 i 16 


Chemical and Chemical Products 0.05 2 63 
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Part 2: Regional Influences on the "Efficiency" of 
Labour and the Elasticity of Factor Substitution 


The seventeen, two digit set of manufacturing industries are 
divided into an eight industry, three region classification covering 
the Dominion and a nine industry two region grouping which is confined to 
Central and Western Canada. The same procedure as outlined in Part 1 is 
employed; however, it is useful to set out the general format of the 
models and the requisite null hypotheses. 

Given a situation in which there are j = 1, 2----J industries, 
Yr =i1, 2----R regions andi=1l, 2—5-N.. observations on value added per 
unit of labour (Y) and the wage rate (X) in each industry--one can express 
the completely unrestricted model for the jth industry in the following 
manner. Let r = 1 be the base region and D = [DD j-Dx----Dp] be al x R 
vector of dummy variables, where D)= 1 and Dy = 1 for all observations in 


the kth region and 'O' for all observations located in any other region. 


(8) 
|B> is a column vector of intercept coefficients where 
By a e 
F 8, is the intercept for the base region and 
BR 
Bo----Br are differential intercepts for the 
Rx1l 
remaining regions. 
is 6 Agee 
iBpey where BR+}] is the slope coefficient for the base 
BR+2 : fi ‘ ; 
Bo = |- region and the remaining elements are differential 
Bor slope coefficients, 
Rx1 


The dummy variable form of the ordinary least squares model for the j 
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industry is expressed as: 


Y. =D By sue Per JB) 


i + U; (III-2-1) 


2 


R 
where i = (1, 2----N) N= IN,, and u is the stochastic variable. 
=] 


K 


Alternatively one can express (III-2-1) as: 


R R 
r=2 r=2 


In the above model all of the intercept and slope coefficients are 


allowed to vary freely. The appropriate null hypothesis is: 
H,:82 = 22+ -=Bp = Br+2 = ----=Bop = (0) 
The totally restricted model was set out in (III-1-1) as: 


Yore= 10 +eBX + ©; pi 2---N 


The Eight Industry, Three Region Results 

The results of the tests for the overall homogeneity of the 
differential intercept and slope coefficients in eight, two digit manufact- 
uring industries located in the Atlantic Provinces, Central and Western 
Canada are set out in Table (III-2-1). Five industries exhibit significant 
regional differences at the five percent and ten percent levels vis-a-vis 
four industries at the one percent level. 

The regression results obtained for each of the eight industries 
are set out below. It should be noted that only five of these industries-- 
Food and Beverages, Printing, Publishing and Allied, Metal Fabricating, 
Transportaion and Miscellaneous Manufacturing--qualify for a detailed 


examination of individual dummy coefficients. The appropriate results 
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TABLE III-2-1.--Joint Tests of Significance (differential Intercepts and 
Slopes) for Regional Influences in Eight Two Digit 
Manufacturing Industries Located in Western 
Canada, Central Canada and the Atlantic 


Provinces 
S.I.C. Name "F" Value Degrees of Freedom Significance Levels 
Numer- Demon- 

ator inator 10% 5% 
Food and Beverages 6.5o1* é 209 R R 
Wood A hese} 4 87 A A 
Paper and Allied 2.036 4 52 A A 
Printing, Publishing and Allied 6.763* 4 48 R R 
Metal Fabricating 2.600 4 104 R R 
Transportation Equipment 5.820* 4 56 R R 
Non-Metallic Minerals 1.010 4 98 A A 
Miscellaneous Manufacturing soe a 4 161 R R 


*reject at the 1% level 


A = accept or R - reject the null hypothesis 
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for the Wood, Paper and Allied and Non-Metallic Minerals industries are 
obtained from specification (III-1-1); however, both sets of results are 


presented for the sake of completeness. 


The Significant Industries 


Food and Beverage Industries! 


Ys=, 05976 — 0.240D, + 0.150D, + 1.598X + 0.702(D,X) + 0.249(D.X) 


S (III-2-2) 
(8.182) (-1.420) (1.006) (8.853) (2.666) (0.732 
N = 215, R2 = 0.599 
Printing, Publishing and Allied Industries 
Y = 0.895 - 1.061D, - 0.744D, + 1.096X + 1.033 (D,X) + 1.706 (D5X) 
(III-2-3) 
(1.667) (-1.109) (1224) ee. 8 LO) (1.008) (2.299) 
N = 54, R* = 0.523 
Metal Fabricating Industries 
= 0.986 + 0.194D) + 0.301D) + 0.904x - 0.223(D,X) - 0.650(D5x) 
(III-2-4) 


(95997), (0.878) (1.484) Cici 28) 9a (-0 277 7) (-2.031) 


110, R* = 0.462 


a 
WW 


Neen eee ee 


1 \ for observations in Central Canada and 
D = 


O otherwise 
fi for observations in the Atlantic Provinces 
D = 


0 otherwise 
The figures in brackets are the 't' results. 
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Transportation Equipment Industries 


Y = 0.758 + 0.024D, + 0.216D, + 0.971x - 0.136(D,X) - 0.721(D>x) 
(Tit=2-5) 
(5.096) (0.110) (0.922) (5.085) (0.485) (-1.955) 
N = 62, R2 = 0.662 
Miscellaneous Industries 
¥ = 1.303 - 0.192D) - 0.163D2 + 0.272x + 0.553(D,X) + 0.101D5x) 
(TIT-2-6) 


(13.043) (-1.551) (-0.995) (1.490) (2.365) (0.290) 


N = 167, R2 = 0.222 


The tests of significance for the individual dummy slope and 
intercept coefficients are set out in Tables III-2-2 and 3. An examina- 
tion of the first table indicates that in three out of the five industries 
there is a significant difference between the estimates of the elasticity 
of substitution in Western and Central Canada vis-a-vis the Atlantic 
Provinces. This difference exists at the five percent level or better in 
the Printing, Publishing and Allied and Metal Fabricating industries while 
relatively weaker support is found in the Transportation Equipment Industries 
at the ten percent level. In the Miscellaneous Manufacturing and Food and 
Beverage industries the dummy slope coefficients are significant at the five 
and one percent levels for Central Canada vis-a-vis Western Canada and the 
Atlantic Provinces. 

Table III-2-3 indicates that there are no significant inter- 
regional differences in the intercept terms in the three regions. It should 
be’ noted ‘en passant' that the existence of significant differences in the 
elasticities ensures that there are differences in the efficiency of labour 


even though a common intercept terms holds across all of the various regions. 
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The regression results set out in (III-2-2) to (III-2-6) inclusive 
indicate relatively low R2 values compared to those which are typically 
encountered in time series studies or in inter-national cross-sectional studies. 
A comparison of Table II-2-3, page 21 and Table II-2-4 exemplifies the fact 
that inter-regional cross-sectional studies within a given nation typically 
produce lower R2. The explanation is centered around the relative lack of 
variation in the observations in a given year within a single country as 
compared to the wide extremes encountered in predsceonnere comparisons. It 
should be noted that the estimate of the elasticity of substitution for the 
base region is not significant for the Miscellaneous Manufacturing industry at 
the ten percent level. Given the nebulous nature of this classification it is 
felt that the statisitical results reflect the lack of meaningful economic 


interpretation that can be given to this classification. 


The "Non-Significant Industries" 

The null hypothesis which states that the sets of differential 
slope and intercevt coefficients in a given industry are equal to zero 
could not be rejected--even at a generous ten percent level of significance-- 
for the Wood, Paper and Allied and Non-metallic Mineral Products Industries. 
An examination of the regression results set out below indicates that this 
result is generally supported by the insignificant "t" values obtained for 
each of the dummy coefficients. An exception to this statement is found 
in (III-2-9) in the "t" values obtained for the differential intercept and 
slope coefficients for Central Canada which are significant at the ten per- 


cent and five percent levels respectively. 
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Wood Industries 


Y = 0.941 - 0.214D, - 0.030D, + 0.746X + 0.323(D)X) - 0.554 (D5x) 


(III-2-7) 
(9.659) (-1.157 (-0.235) (4.749) (0.728) (-1. 326) 
N = 93, R* = 0.482 
Paper and Allied Industries 
¥ = 0.950 - 0.116D, + 0.257D2 + 1.403X - 0.042(D,X) - 0.656 (DX) 
(III-2-8) 
(4.290) (-0.323) (0.745) (4.795) (-0.085) (o1eai 7) 
N = 58, R2 = 0.480 
Non-Metallic Mineral Products Industries 
Y = 1.405 - 0.798D, - 0.506D5 + 0.667X + 1-5109(Dix) + 0.687 (D5X) 
(III-2-9) 


(4.801) (-1.943) (S178) (e655) (1.994) (0.925) 


N = 104, R* = 0.329 


It is useful to briefly comment on the seemingly paradoxical 
situation which exists in the Non-Metallic Mineral Products industry. 
The "t" values indicate that B. and 8. are significant at the ten percent level 
(two-tailed test) while H ,782=8 3=By=B,=0 is rejected. Some writers have loosely 
stated that if any one of the estimated regression coefficients are signifi- 
cantly different from zero then the resultant "F" value--for the joint test-- 
will also be significant.1} It is evident that if this statement is correct 
then the above set of results could not occur other than through some type 
of computational error. 

A note by Geary and Leser in the American Statistician, demon-- 


strates that it is possible to have a situation in which all the coefficients 
a a ca a a a me ct a PO IR ES ose ee ee 


ljan Kmenta, Elements of Econometrics, (New York: MacMillan, 1971), 
p. 367. It should be noted in all fairness that Kinenta does qualify this 


statement. 


2R. C. Geary and C. E. V. Leser, “Significance Tests in Multiple 
Regression", The American Statistician, Vol. 22, (February 1968), pp.20-21. 
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of a multiple regression have significant "t" values and still accept the 


null hypothesis that B = 8 ig ee O. It is suggested that this result 


3} 
ensures that the case under consideration is not unique. 


Reference to Wonnacott and Wonnacott'st 


discussion and portrayal 
of joint confidence intervals--two dimensional case--offers some intuitive 
basis for explaining the above results.since it certainly appears possible 
to have a situation where two of four possible regression estimates are 
significantly different from zero and yet have a joint confidence interval 
which includes the point (0,0;0,0) in four space. One cannot proceed very 
far with four dimensional problems in two space. The procedure outlined 
earlier will be maintained--that is, attention will not be paid to indiv- 
idual dummy coefficients unless the "F" test for the overall homogeneity 
of the differential intercept and slope coefficient is significant. 

Given the foregoing discussion ard argumentation the regression 
results for the 'non-significant' industries can be obtained by regressing 


Y = F(X). (In effect, it is argued that regional influences do not signi- 


ficantly affect the estimates.) * 


Wood Industries 


Y = 0.824 + 0.879X 
(2.54) (8.55) (III-2-10) 


1p. J. Wonnacott and L. H. Wonnacott, Econometrics, (New York: 
J. Wiley and Sons Inc., 1970), pp. 248-258. 


2rhe ‘t' values for the intercept coefficient are accurate only to 
three figures. One of the regression programs used in the study did not 
produce standard errors for the intercept; thus a number of laborious 
calculations were required before an estimate could be obtained and only 
slide rule accuracy could be maintained. 
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Paper and Allied Industries 


Yer 0597 29+ 1. 239X 
(3.09) (6.09) (III-2-11) 


Non-Metallic Mineral Industries 


A 


Yqe 0.927 lego ok Cit t=2-12) 
(2.60) (6. 62) 


It is evident that the slope and intercept coefficients are all significant 


at the one percent level. 


The Nine Industry Two Region Results 

The results of the joint tests for the existence of significant 
regional influences in nine, two digit manufacturing industries located in 
Western and Central Canada are set out in Table III-2-4. None of the "F" 
values are significant at the one percent level; however, significant 
differences are found in the Leather and Primary Metal industries at the 
ten percent level and the Electrical Products and Chemical and Chemical 
Products industries at the five percent level. The individual regression results 
results for the significant and ‘non-significant’ industries are presented 


below. 


The Significant Industries 


Leather Industry 
Y =} (0), '5{0f0) or 0.256D, + 1.694X - 0.858D)x 

(4.989) (2.109) (5.711) (-2.492) (III-2-13) 
N = 26, R@ = 0.717 


SusnSTn nen nnn nn 


A 1 for observations located in Central Canada 
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Primary Metal Industry 
¥Y = 2.219 - 1.576D, - 0.311xX + 1.617D,X 
(35387) (-1.987) (-0.428) (1.820) (III-2-14) 


N = 41, R* = Q204 


Electrical Products Industry 


A 


Yee 71.1334 0.481 Dt JERCPALY,§ 0.953D,x 
(5313) (1.785) (3 385))(=27,293) (III-2-15) 
2 
N= 41, RT = 0.494 


Chemical and Chemical Products Industry 


~ 


Y = 1.795 + 0.866D, + 0.879X - 1.010D1x 
(9.5202) (20575), * (392102) * (-29235) (11 1-9=1'6) 
N = 67, R2 = 0.186 


Reference to the individual regression coefficients in the above 
four regressions indicates that the differential intercept terms are 
Significant at the five percent level in the Leather, Primary Metal and 
Chemical and Chemical Products industries as compared to a significance 
level of ten percent in the Electrical Products industry. The differential 
Slope coefficients are significant at the five percent level in all of the 
industries with the exception of the Primary Metal Industry (significant 


at the ten percent level). 


The Non-Significant Industries 
The results of the full dummy variable and the restricted regressions 
are presented below. As noted previously, the restricted regressions are 


based on the prior information obtained from the joint tests. 
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Textile Industry 
Full Regression 
Y = 0.928 + 0.088D, + 1.011X - 0.149(D,x) 
(9.771) (0.729) (4.328) (-0.525) 
N = 73, R* = 0.424 


Restricted 


Y = 0.980 + 0.925x 
(5.34) C7216) 


R2 = 0.425 


Clothing Industry 


Full Regression 


Aa 


Y = 0.767 - 0.098D, + 1.043xX + 0.130D,x 
(8.660) (-0.860) (3.960) (0.407) 

N = 60, R* = 0.507 

Restricted 


Y = 0.711 + 1.111X 
(3.23) (7.572) 


R2 = 0.497 

Furniture and Fixture Industry 

Full Regression 

Y = 0.994 + 0.005D, + 0.668X + 0.053D,x 
(2.329) 94(0.031) (2.677) _ (0.158) 

N = 36, R2 = 0.352 


Restricted 


Y me beOO Lat 0 060% 
(7.66) (4.199) 


R2 = 0.341 


(III-2-17) 
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Machinery Industry 


Full Regression 
Y = 1.799 - 0.654D, + 0.066X + 0.904D,x 
(7.417) (-1.929) (0.212) (2.063) (III-2-23) 


N = 31, R* = 0.305 


Restricted 


Y = 1.464 + 0.525x 
(6.54) (25035) (III-2-24) 


R* = 0.148 
Petroleum and Coal Products Industry 
Full Regression 
Y = 1.795 + 0.089D, + 0.965X + 0.090D,xX 
(3.910) (0.137) (22105) (O21 35) (III-2-25) 
N = 20, R* = 0.236 
Restricted 


Y = 1.904 + 0.941x 
(4.65) (2.843) (III-2-26) 


R2 = 0.321 


The "t" results obtained for individual dummy coefficients support 
the overall findings indicated by the "F" values in Table III-2-4 with the 
exception of differential intercept and slope coefficients for the 
Machinery industry which are significant at the five percent level. This 


result is not entirely unexpected given the fact that F = 2.193 for this 


-10 
Zen 


restricted regressions are all significant at the one percent level. 


industry while F = 2.51. The intercept and slope coefficients in the 
In summary, it has been shown that there are reasonable grounds 

for believing that regional influences must be accounted for if the A.C.M.S. 

specification is to be applied to the manufacturing sector of the Canadian 


economy. Five of the eight industries located in Western Canada, Central 
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Canada and the Atlantic Provinces have significantly different elasticities 
of substitution. In three out of five of these industries Western and 
Central Canada shared common elasticities of substitution which were 
significantly different from the estimates obtained for the Atlantic region. 
The efficiency of labour use in each of these three industries is accounted 
for by the differences in elasticities. 

Four of the industries included in the nine industry partitioning 
of manufacturing activity in Western and Central Canada exhibited significant 
differences in both the intercept and the elasticity of substitution. 
Significant regional regional influences were not detected in the remaining 


five industries. 


Part 3: The Over-all Significance and Economic 
Interpretation of the Empirical Results 

The objective of this portion of the study is three fold. Firstly, 
the estimates of the two parameters obtained from the A.C.M.S. specification 
are used to obtain point measures of the substitution and coefficient 
parameters contained in a C.E.S. production function homogeneous of degree 
one. Secondly, each of the industries exhibiting significant regional 
influences are examined in an attempt to determine whether there are any 
readily discernible characteristics of these industries which would account 
for the significant differences in the efficiency of labour use and the 
elasticity of substitution. Finally, a detailed comparison is made between 
the estimates of the elasticity of substitution obtained for the non-signifi- 
cant industries and the results obtained from a study of two digit 


manufacturing industries in the United States at approximately the same 


period of time. 
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The Existence of Non-Identical Production Functions 

The results of the analyses carried out in Part 2 of Chapter III 
indicates that there are significant inter-regional differences in the 
efficiency of labour use and the elasticity of factor substitution in a 
number of two digit manufacturing industries in Canada. It is suggested 
that differences in these two estimates provide sufficient grounds for 
arguing that there are different C.E.S. production functions for each of the 
regional partitions of the given industries. In effect, if 
V = [BK7~P + aL-P]-1/p 
where 0 = i je a= a71/b ana log VY = log a + b log W 
b L 
then it follows that significant inter-regional differences in the slope 
and intercept terms are reflected in turn by different values for the 


production parameters. Estimates of these production parameters are set 


out in Tables III-3-1 and III-3-2. The following points should be noted. 


V 

; () 
Pirse, sthewintercept term inthe A.C:M.s..reqression,) is defaned assay 1 
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a L/D EAR a eee 
Teer flicitency of Tabour asydefined asia =e , which implies 
W 
alt 1/b : : 
that Gy —=".a In erteCr, ms tnemecHproCcalOmEnemprOpOmtd On mone tem OLOdUCE 
ays ee 
distributed to labour——-d7=7a = W () --is a measure of efficiency of 


labour use. An examination of the last column in Tables III-3-1 and 2 
provides the information required to provide an ordinal ranking of relative 
labour efficiencies within and between various industries. Secondly, 
reference to Table III-3-1 indicates that differences in the elasticity of 
substitution lead to marked differences in the efficiency of labour and the 
portion of the product accruing to labour even when the intercept terms are 
identical. Thirdly, a limited number of the “t) values for estimates of the 


elasticity of factor substitution and the intercept terms--in particular 
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estimates obtained in industries exhibiting regional differences--are not 
significantly different from zero. These results account for the seemingly 
ridiculous point estimates of p and a° ‘Reference to Table III-3-1 indicates 
that the 't' values are insignificant at the ten percent and lower levels for 
estimates of the elasticity of substitution obtained in the Metal Fabricating 
industry (Atlantic region) and the Transportation Equipment industry (Atlantic 
region). The remainder of the intercept and elasticity terms are significant 
at the one percent level with the exception of the three estimates which are 
Significant at the five and ten percent levels. Similar observations can 
be made with respect to Table III-3-2. Insignificant 't' values are 
obtained for the estimate of the elasticity of substitution in the Primary 
Metal (Western Canada) and the Chemical and Chemical Products industries 
(Central Canada). The intercept and the elasticity of substitution estimates 
are significant at the ten percent level in the Primary Metal and Electrical 
Products industries, respectively, while the remainder of the values are 
Significant at the one percent level. 

It should be noted that the acceptance of the null hypothesis that 
the elasticity of substitution in a particular industry is equal to zero 
implies that the Leontief type production function--elasticity of substitution 
equal to zero--is supported rather than the Cobb-Douglas or C.E.S. form. This 
situation differs considerably from the normal case in which the null hypo- 
thesis is simply a 'straw man'. 

Finally, it is worth re-emphasizing the point that the lack of 
regional capital stock data has proven to be rather costly in the sense 
that it is impossible to obtain estimates of 8B, the coefficient of capital 
in the C.E.S. production function or to try various types of alternative 


specifications. 
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-63- 
An Appraisal of the Economic Results Obtained for the 
Significant Industries 

The previous discussion has established the fact that regional 
differences in the efficiency of labour use and the elasticity of substitu- 
tion (the intercept and slope terms in the regressions) are reflected in 
terms of different production parameters. Clearly the important questions 
are why do these differences exist and how can they be accounted for. The 
standard micro-economic theory of production has always posited the 
assumption that there is a one to one correspondence between a given 
production function and a given commodity or sets of commodities regardless 
of the spatial location of the production processes. This assumption was 
adopted in aggregative analysis under the ‘reasoning by analogy' rule which 
has been widely used in formulating theories in the macro area; however, 
as noted the results of the study suggest that in certain industries the 
assumption is of dubious merit. 

A.C.M.S. attempted to answer this question by arguing that inter- 
regional differences in production functions were based on neutral differ- 
ences in factor use. This simply amounts to stating that the shape of the 
isoquants in various regions are identical except for a pure scale effect. 
Their findings indicated that the constancy of the capital and labour 
coefficients held up but the neutral efficiency parameter experienced wide 


inter-national variations. 


In effect, by rewriting the C.E.S. function as 
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neutral efficiency parameter 6 = By? and atB=y ? . A.C.M.S. found that 
ss remained constant while y varied widely. Clearly, data limitations 
ensure that estimates of 6 and y cannot be provided in this study. In 
addition, the statement that production functions are identical with the 
exception of differences in the neutral efficiency parameter seems to be 
rather facile in the light of Boeri nniveierce disparities in the quantity 
and quality of human capital stock located in various regions in Canada. 
In effect, it would appear that differences in efficiency could be biased 
towards capital or labour as well as being neutral. 

The net result is that the data constraints prevent one from 
pursuing various avenues which could produce some fruitful results. The 
objective of the remainder of this section is to explicitly depict the 
results obtained for the various industries exhibiting regional influences 
and to speculate on some of the factors which may account for the differences. 
No pretense is made to provide a definitive answer.to the question as to 
why regional differences in production functions exist. This answer will 
only emerge after a substantial amount of empirical and theoretical research 


has been carried out; however, it is suggested the exercise will provide 


some insight into the matter. 


Food and Beverage Industry 


The estimates of the elasticity of substitution and the intercept 
term for the regions exhibiting significant differences in the Food and 


Beverage industry are set out in Table III-3-1 and represented graphically 
in~geiqure: LL1-3—1). 
Se Se rn 


lx. J. Arrow et. al. op. cit., p. 233. 
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= 0.976 + 2.300xX (C) 


Y = 0.976 + 1.598x (W&A) 


C = Central Canada, W & A - Western Canada and the Atlantic Provinces 


FIGURE III-3-1.--Regional Influences in the Food and Beverage Industry 


Tests of the null hypothesis that the elasticity of substitution 
is equal to one indicates that t = 3.3 for Central Canada and 2.1 for 
Western Canada and the Atlantic Provinces. This implies that the Cobb- 
Douglas form of the production function is rejected at the one percent 
level. The estimates of the elasticities indicate that a ten percent 
change in the factor price ratio will lead to a twenty-three percent 
increase in Central Canada vis-a-vis a sixteen percent increase in Western 
Canada.! This high degree of substitution of capital for labour in res- 


ponse to relatively nominal increases in the price of labour relative to 


lthis result follows from: a d log = m. log = 


d log R d log W 
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=66— 
capital could prove to be troublesome in terms of the employment tradeoffs 
that would be faced if labour negotiated relatively favourable contracts 
or provincial and federal governments made substantial changes in minimum 
wage laws. 

The existence of the significant differences in elasticities be- 
tween Central Canada vis-a-vis Western Canada and the Maritimes offers 
some grounds for the following speculation. Casual empiricism suggests 
that the output of the Food and Beverage industries in the Western and 
Atlantic provinces is characterized by a substantial amount of primary 
processing as compared to the finished commodity mix produced by Central 
Canadian manufacturers for consumption in the major metropolitan areas 
of Ontario and Quebec. If one accepts the premise that the primary 
processing carried on by the export oriented industries in the West : 
are relatively more capital intensive and thus have a relatively lower 
elasticity of factor substitution the empirical results seem to make a great 
deal of sense. For example, a quick comparison of the output of the large 
meat packing establishments in Alberta and Manitoba suggests that large 
volumes of beef and pork carcasses and animal by-products are shipped to 
Central Canadian markets. These products are produced by dressing the 


animals on large scale beef and hog conveyor systems. The processing of 


table-ready meats (sliced meat products etc.) on the other hand is 
relatively more labour intensive. It is suggested that the output mix in 
the Toronto and Montreal meat packing plants is weighted much more heavily 
towards the production of the relatively more labour intensive items than 
is the case in the export Oriented Western provinces. 

It should be noted that the argument made in the above example 


implicitly assumes that the production function is identical for similar 
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commodities in various regions. It is assumed that differences in the 
mix of commodities (mix of production functions) account for the regional 
differences in the aggregate production function. 

It is interesting to note that by accepting the industry mix argu- 
ment one is really implicitly assuming that there are significant inter- 
industry differences in the three digit production function parameters; 
however, this assumption is contrary to the maintained hypothesis that the 
industries included in a two digit classification can be said to have a 
common technology. The only way to resolve this dilemma would be to carry 
out a study which determined whether there were any significant inter- 
industry differences in production parameters at the three digit level 
though it is not at all clear that this procedure would not have to be 
continued down to at least the four digit level. Given the constraints im- 
posed on the availability of data such a series of studies could not be 
carried out by individuals outside of the government civil service. This 
implies that for all practical purposes investigators have had to live with 
the maintained hypothesis and assume that there are real differences in the 
production functions within a region at two and three digit levels. This 
is a dangerous practise since one can confuse apparent differences in aggre- 
gate production functions with real differences in the underlying micro 
relationships. It is suggested that it is intuitively and logically appeal- 
ing to start at the four digit level and demonstrate that various sets of 
production relationships are statistically and economically equivalent before 
investigating the two digit relationships. As matters now stand there is 
no way of knowing whether aggregate and micro differences in production 
relationships are related. This is of little consequence for certain broad 


policy purposes; however, it can be disastrous if due caution is not 


exercised. 
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Printing, Publishing and Allied Industries 

Reference to Table III-3-1 indicates that the elasticity of 
substitution in the Printing and Publishing industry ranges from approxi- 
mately 1.0 for Westerm and Central Canada vis-a-vis 2.8 for the Atlantic 
Provinces. The efficiency of labour use is different in both Aecthsncs The 
test of (H,?B84=1) produced a t = 0.16 for Western and Central Canada vis-a- 
vis t = 4.5 for the Atlantic region which suggests that a Cobb-Douglas 
production function is appropriate for the former as compared to the 
C.E.S. form which is required in the latter region. Figure III-3-2 
illustrates the difference in the two regions. 


Y = 0.895 + 2.802xX (A) 


Y = 0.895 + 1.096X (W & C) 


X 
(A) - Atlantic Provinces (W & C) Western and Central Canada 


FIGURE III-3-2.--Regional Influences in the Printing, Publishing and 
Allied Industries 


No attempt will be made to speculate on the reasons which account for the 
major differences in the elasticities. It is suggested that close 


attemtion should be paid to highly dis-aggregated (four digit) data. 


The Metal Fabricating and Transportation Equipment Industries 
Reference to the results set out in Table III-3-1 indicates that 
quite similar results are obtained for the Metal Fabricating and 
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Transportation Equipment industries in the sense that the elasticities of 
substitution are significantly lower in the Atlantic vis-a-vis the Central 
and Western regions of Canada. The results are depicted graphically in 


Figures III-3-3 and III-3-4. 


Y 
Y = 0.986 + 0.904x (W & C) 
Y = 0.986 + 0.254xX (A) 
»4 
(W&C) —- Western and Central Canada (A) = Atlantic Provinces 


FIGURE III-3-3.--Regional Effects in the Metal Fabricating Industry. 


Y = 0.758 + 0.971X (W & C) 


Y = 0.758 + 0.249x (A) 


X 


W & C = Western and Central Canada (A) - Atlantic Provinces 


FIGURE III-3-4.--Regional Effects in the Transportation Industry. 


Tests to determine whether the elasticities of substitution are 
different from one indicate that the Cobb-Douglas production function is 
an acceptable form in both industries for Western and Central Canada. 


The low 't' values for estimates in each of the two regions suggest that 
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the Leontief form would be a suitable type of production relationship for 
the Atlantic region. 

The marked regional differences in the elasticities in each 
industry--unitary vis-a-vis highly inelastic values--are rather inter- 
esting in the sense that substantial increases in wages in the Maritimes 
would not have the employment trade-offs that would be experienced in the 
rest of Canada. This result could have some useful policy implications if 
a reasonable explanation could be forumlated which would account for the 
regional effects. 

The following comments offer some broad guidance in this direction. 
An examination of the industrial composition of the Metal Fabricating indus-~ 
tries--Boiler and Plate Works, Fabricated Structural Metal, Ornamental and 
Architectural Metal, Metal Stamping, Pressing and Coating, Wire and Wire 
Products, Hardware, Tool and Cutlery, Heating Equipment, Machine Shops and 
Miscellaneous Fabricating--indicates that there are marked differences in 
the industry mix between the Maritimes and Central Canada. This difference 
is not surprising; however, recognition of the fact that the Shipbuilding 
and Repair and Boatbuilding and Repair industries are included under Trans- 
portation Equipment highlights the fact that a major section of the 
Atlantic Provinces' “metal fabricating like activities" are not included 
in this industry. Western Canadian provinces have enough strength in 
various three digit Metal Fabricating industries to present an industrial 
mix which is not significantly different from Ontario and Quebec at least 
in terms of the estimates of the substitution parameters. This is seemingly 
lacking in the Atlantic Provinces. 

Similar remarks can be made with respect to the Transportation 
Industry. The Ontario-Quebec mix is heavily weighted by the Motor Car, 


Aircraft and Parts, Shipbuilding and Motor Vehicles Parts and Accessories 
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industries while the Atlantic provinces--principally Nova Scotia--are more 
heavily dominated by Shipbuilding. 

In effect, it is suggested that the argument advanced with respect 
to the Food and Beverage industry applies in the Metal Fabricating and 
Transportation Equipment industries. Certain regional partitions of the 
set of economic activities carried out in a two digit industry may only 
encompass a subset of the entire range of activities carried out in the 
industry. The aggregate production function for these regions will be 
atypical in the sense that the investigator has only obtained data for ai 


few of the total number of different production processes. 


Miscellaneous Manufacturing Industries 

The results obtained for the Miscellaneous Manufacturing industry--- 
refer to Table III-3~l--indicate that all three regions have different ef- 
ficiencies of factor use; however, the estimate of the elasticity of 
substitution in the Western and Atlantic regions are equal to 0.272 vis-a- 
vis a value of 1.325 for Central Canada. The 't' value for the elasticity 
of substitution (H?85=21) indicates that the elasticity of substitution in 
Western Canada and the Atlantic Provinces is greater than zero and less than 


one. The null hypothesis could not be rejected for Central Canada. 


Yous] 303 + 1-325x (C) 


Y = 1.303 + 0.272X (W&A) 


xX 


(C) Central Canada (W&A) Western Canada and Atlantic Provinces 


FIGURE III-3-5.--Regional Influences in the Miscellaneous Manufacturing 
Industry. 
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No attempt will be made to provide an insight into this 'pot pourri' of 
manufacturing industries other than to note that regional concentrations 
are important. 

The remaining four industries which exhibit regional influences 
are found in the nine industry, Western and Central Canada partitioning 
of manufacturing activity. It is worth noting as a preliminary observation 
that significant regional differences are found in both the efficiency of 
labour and elasticity of factor substitution. A brief examination of the 
point estimates for the substitution and the efficiency of labour para- 
meters in Table III-3-2 indicates that this leads to extremely wide 
variations compared to the range exhibited by the estimates set out in 
Table*rit-3=1"% 

It is useful to examine the four significant industries as a 
group. The estimates noted in Table III-3-2 are illustrated by the 


following figures. 


y Y = 0.500 + 1.694x (Ww) 


Y = 0.756 + 0.736xX (C) 
SS yrmsice SE 


iy aes 


x 
(W) - Western Canada (C) - Central Canada 


FIGURE III-3-6.--Regional Effects in the Leather Industry. 


Tests of (H,:8;=1) indicate that the hypothesis is rejected at the 
five percent level for Western Canada (t = 2.34). The estimate for Central 


Canada is not significantly different from one at the ten percent level 


(t = 1.47). 
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Y = 0.643 + 1.306x (C) 


Fe (W) 


Xx 
(C) Central Canada (W) Western Canada 


FIGURE III-3-7.--Regional Effects in the Primary Metal Industry 


The estimate of the elasticity of substitution has a negative 
slope which would be meaningless from a theoretical viewpoint if the 't' 
value did not indicate that the estimate was highly insignificant and not 
different from zero. (Refer to Table III-3-2). The elasticity of sub- 
stitution in Central Canada is not significantly different from one at 


the ten percent level. 
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Y = 1.133 + 1.329x (Ww) 


Y = 1.614 + 0.376x (C) 


X 
(W) Western Canada (C) Central Canada 


FIGURE III-3-8.--Regional Effects in the Electrical Products Industry. 
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different from one at the one percent level and significantly different 


from zero at the ten percent level. 


Y = 1.795 + 0.874x (W) 


=> 2.061) = (0.131xX  (C) 


» 4 
(W) - Western Canada (C) - Central Canada 


FIGURE III-3-9.--Regional Effects in the Chemical and Chemical Products 
Industry 
The elasticity of substitution in Central Canada has a negative 
sign; however, it is not different from zero at any acceptable significance 
level. The estimate for Western Canada is not significantly different from 
one at the ten percent level (t = 0.44). 

An examination of Figures III-3-6 to 9 and Table III-3-2 indicates 
that relatively low values of the elasticity of substitution are associated 
with relatively high values for the efficiency of labour use term. This 
trend holds across all of the regions with the exception of the unsupportable 
negative elasticity estimates which should be ignored. It should be noted 
that in two of the industries (Leather and Electrical Products) the lower 
elasticities and higher efficiency of labour use values are associated with 
the Central Canada rather than Western Canada. If the assumption is made 
that the negative elasticities are also indicative of a low elasticity high 
efficiency pattern then this observation can be extended to the Chemical 


and Chemical Products industry. It should be noted that the regional 
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positions would be juxtaposed in the Primary industries. 

One possible explanation of this result is centered around the 
assumption that highly capital intensive production processes have 
relatively low elasticities of substitution and generally speaking a larger 
value added per man hour of labour employed. In certain instances it can 
be argued that the capital intensive technology is associated with high 
volume mass production techniques which can employ highly automated 
procedures; however, on the other hand a relative shortage of labour which 
is reflected in higher labour costs can lead to the adopting of capital in- 
tensive procedures at relatively lower volumes of output. An examination 
of the data!--value added, man hours of production, wage rates in manu- 
facturing industries for various three digit breakdowns of industrial 
activity--indicates that the bulk of the mass produced items are seemingly 
concentrated in Central Canada. For example in the Leather industry the 
major shoe factories are located in Central Ganadaeein the Electrical 
Products industry virtually all of the Canadian electronics industry is 
located in Central Canada. Similar observations can be made with respect 
to the pharmaceutical and medical products, toilet preparations and the 
major portion of the industrial chemicals produced in the Chemical and 
Chemical Products industry. An apparent contradiction of this general 
trend arises in the Primary Metal industry since it is difficult to re- 
concile the low elasticity, high efficiency of labour use argument in 
Western Canada with the higher estimates obtained for Central Canada which 
contains among other things the Algoma and Stelco steel operations. It 
is suggested, however, that the differences in the industry mix account 


for the different configuration of production parameters in the two regions. 
NN 


[manufacturing Industries of Canada, Sections A, B, C, D, E, and 
F, Dominion Bureau of Statistics, (Ottawa: Queen's Printer) 1964 and 1965. 
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In summary, it is suggested that four of the nine industries contained 
in the nine industry breakdown of manufacturing activity exhibit significant 
regional differences in both the efficiency of labour use and the elasticity 
of substitution. There appears to be a systematic relationship between low 
elasticity and high efficiency of labour use values across the regional break- 
down contained in each industry. The suggestion was made that the regional 
concentration of this difference in three of the four industries simply 
reflects the difference in technology underlying the capital intensive mass 
production techniques employed in Central Canada. A putsaet examination 
of the industry mix in the various regions indicated that this argument 
must be qualified by the observation that Central Canada is the sole 
region in which certain goods and services are produced. This implies that 
regional partitions of two digit manufacturing industries may differ 
partially because of the differences in the technology which can be utilized 
in producing similar goods and services and partially because of the 
differences in the product mix. 

The point to note is that once regional differences in aggregate 
production functions are encountered one must revert to less aggregate 
analysis which provides relatively fine commodity and industrial breakdowns. 
It is impossible to achieve this objective within the confines of this 
study; however, it is felt that a sufficient number of problems have been 


raised to discourage the naive use of aggregative results. 


An Appraisal of the Economic Results Obtained for the 
Non-Significant Industries 
The results of the discussion and econometric analyses dealing 
with the question of inter-regional differences in production functions 
within various industries in Canada indicates that there are no significant 


differences in the elasticity of substitution and the efficiency of factor 
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use in three of the eight industry three region and five of the nine 
industry two region partitions of industrial activity. The objective of 
the following discussion is to: (1) determine whether the special cases 
of the C.E.S. production function--the Leontief or Cobb-Douglas forms-- 
can be used in place of the more complex function; and (2) compare the 
estimates of the elasticity of substitution obtained for these two digit 
industries with similar results obtained in the United States. 

The results of the 't' tests are set out in Table’ IIT=3=3- 
The Leontief type production function is excluded from consideration at the 
one percent level in all industries except the Machinery industry (the 
null hypothesis is rejected at the 2.5% level). The tests of significance 
for the Cobb-Douglas case indicates that the hypothesis B. = 1 cannot be 
rejected at the one percent level though significant differences in the 
Machinery and Furniture and Fixture industries offer some support for 
O<b<l at the 2.5% level. It is suggested that the Cobb-Douglas production 
function is suitable for at least six of the eight industries. 

One interesting speculation should be noted in connection with 
industries noted in Table III-3-3. The first two industries could be called 
fy industries since it can be argued that their basic function is 
to process a basic Canadian staple (wood) which is widely scattered throug- 
out the Dominion. The basic reason for this natural resource orientated 
dispersion rests on the weight losing characteristics of the raw material 
inputs. In effect, it is suggested that it is the rather limited processing 
of relatively homogeneous products which has ensured that their aggregate 
production functions are virtually identical across Western and Central 
Canada and the Atlantic Provinces. A similar comment could be made with 
respect to the Non-Metallic Mineral Industry though it should be noted that 


it is the weight gaining characteristics of its output which has led to a 


wide dispersal throughout Canada. 
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TABLE III-3=-3 ~.-Tests of Significance for the Magnitude of the Elasticity of 
Substitution in Eight, Two Digit Manufacturing Industries 
Located in Canada and Western and Central Canada. 


a ke i ee ee Se eS ee eli lee > lee 


| 


weer at 2.5% level 4 


Industry Estimate Test of Hypothesis 
of 'b' R? d.F.  Hg:8j=0 =H: Bj =1 
No. Name 1s NGNeeeeseANSe. ais Wee BEd ce Dee. DM Mice id clay 
1 | Wood 0.879 
(0.103) 0.445 91 R A 
t=8.552 
e239 
2 Paper and Allied (0.203) 0-398. 0 456 R A 
t=6.092 
353 
3 Non-Metallic Mineral (0.203) 0.300 102 ee 0? A 
t=6.619 
0.925 
4 | Textile (0.130) 0.417 71 R A 
i t=7.136 
1.110 
5 Clothing (0.147) 0.497 58 R A 
t=7,572 
0.669 
6 Furniture & Fixture (0.159) 0.341. |...34 R A* 
t=4.199 
0.525 
7 Machinery Industries » (05228) 0.154 29 A* A* 
| t=2.305 | | 
| 0.941 | 
8 |Petroleum & Coal Products; (0.331) , 0.310 {| 18 © R A 
t=2.843 | | 


R -jReject Null Hypothesis 


lit should be carefully noted that the estimates of the elasticity 
of substitution that are set out for each of the first three industries 
were obtained from the three region partitioning of manufacturing 
activity. The remainder are restricted to the Western and Central Canada 


breakdown. 
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It should be noted that the marked similarity in the elasticity of 

substitution and the efficiency of labour use between Western and Central 

Canada extends over eleven of the seventeen manufacturing industries. (The 

eight industries set out in Table III-3-3 and the Printing, Publishing and 

Allied, Metal Fabricating and Transportation Equipment industries noted 

in Table III-2-2). This suggests that common national policies which 


perturb these parameters will have a common effect on both these regions. 


Estimates of the Elasticities of Substitution in Two and 


Three Digit Industries 


It is useful to examine a study carried out by Zarembka and 
Chernicoff for two and three digit manufacturing industries in the United 
States.) a dummy variable form of the A.C.M.S. specification was used 
in this study. Regional dummy variables (intercept dummies) were added 
to determine whether product prices and wage rates were correlated among 
regions and a slope dummy was added to determine whether regional differ- 
ences in product mixes led to significantly different estimates of the 


elasticity of substitution. In effect: 


5 al} 


Yy =o +a,D,+a5D 


0 +03D3+a4D,tac5X; +O¢ (De X;) +0; (III-3-1) 


Z 


Dd, to D, are intercept dummies for various regions, De is a slope dummy 


for a partitioning of the regions in two groups, Y and X are the same as 
noted previously and U is the stochastic term. 
The resultant estimates of the elasticity of substitution and the 


't' test for the slope dummy are set out in Table III-3-4. The first point 
ne 


lp, garembka and H. B. Chernicoff, "Further Results on the 
Empirical Relevance of the C.E.S. Production Function', Review of Economics 
and Statistics, Volume LIII, Number 1, (February 1971), pp. 106-107. 
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TABLE III-3-4.--Preliminary Estimates of the Elasticity of Substitution 
for Two-Digit Industries (United States 1963)1 


1963 

igie All Observations yee he 

Industry Os R3 df. Shift 

20. Food 0.692 516 97 1.638 
(.104) 

22. Textile 1.236 571 62 0.384 
(.1S7) 

23. Apparel 1371 507 90 1.025 
(.184) 

24. Lumber and 0.926 134 . 95 2.638 
Wood (.087) 

25. Furniture 1.046 638 87 0.264 
(.121) 

26. Paper 1.592 679 82 0.702 
(.140) 

27. Printing and 0.818 585 97 0.816 
Publishing (.087) 

28. Chemicals 1.230 427 91 0.858 
(.177) 

29. Petroleum 1.361 234 52 0.065 
and Coal (.424) 

30. Rubber and 1.041 537 67 0.156 
Plastics (.135) 

31. Leather 1,015 598 40 0.277 
(.149) 

32. Stone, Clay, 1.204 .604 97 0.040 
and Glass (.122) 

33. Primary Metals 1.306 574 80 0.214 
(.139) 

34. Fabricated 0.887 576 96 0.716 
Metals (.110) 

35. Machinery, 0.681 261 94 1.975 
except Electrical (.146) 

36. Electrical 0.563 .085 81 1.593 
Machinery (.280) 

37. Transportation 0.242 251 74 2.853 
Equipment (.105) 

38. Instruments 1.143 395 54 1.927 
(.213) 

39. Miscellaneous 1,082 492 92 0.202 
Manufacturing (.134) 


Data Sources: For 1963, see text; for 1957 and 1958, see Zarembka [7, table 1]. 
® Test of os = cca rejected at S percent, see Zarembka [7, table 1]. 
® Test not undertaken since the 1963 ¢-test for regional shift is significant at 5 percent. 
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to consider is that significant regional differences in the elasticity of 
substitution at the ten percent level or better are found in the United 


States: Food, Lumber and Wood, Machinery except Electrical, Electrical, 


Transportation and Instrument industries. Reference to Tables III-3-1 and 
III-3-2 indicates that regional differences were found in the Food and 
Beverage, Printing, Publishing and Allied, Transportation Equipment, Metal 
Fabricating, Miscellaneous, Leather, Primary Metal, Electrical Products and 
Chemical and Chemical Products industries. Regional influences seem to 

be more prevelant in Canada; however, it should be noted that Zarembka and 
Chernicoff used regions for their slope dummy that were larger than the 
regions that were used for the intercept dummies. This implies, other 
things being equal, that there is less chance of obtaining regional 
variations the larger the size of the region. In any event regional in- 
fluences were evident in roughly thirty-one percent of the two digit 
United States industries in 1963 and approximately fifty-three percent of 
Canadian manufacturing in 1964 and 1965. 

A pairwise comparison of the industries in each country--industries 
exhibiting regional influences were excluded--indicates there is a high 
degree of mutual compatibility between the various elasticity estimates. 

In the Canddian case the estimates are not significantly different from 

one at the one percent level. This holds true for the United States as well 
though a relaxation to the five percent level provides grounds for arguing 
that the estimate of the elasticity in the Apparel industry in the United 
States would become greater than one whereas the estimate for the Furniture 
and Fixture industry in Canada would become inelastic. In general 
Chernicoff and Zarembka argue that the elasticity of substitution in United 
States manufacturing is not significantly different from one. The results 


of the eight industry breakdown for Canada would support this contention; 
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however, the full seventeen industry breakdown has a number of regional 
estimates of the elasticity which are not significantly different from 


zero. 


Table III-3-5 sets out various estimates of the elasticity of 
substitution that were obtained for the set of three digit industries 
contained in each two digit United States manufacturing inabery. These 
results are extremely interesting since it has been suggested that one of 
the basic reasons for inter-regional differences in two digit production 
function parameters may simply stem from the fact that certain three 
digit industries are not located in one or more of the regions under 
consideration. If there are no significant differences among these indus- 
tries then this problem is of little consequence; however, if the con- 
verse is true then significant differences in elasticities at a two 
digit level could not be claimed until the investigator had demonstrated 
that the industry mixes in various regions were comparable. An examination 
of Table III-3-5 indicates there are significant differences in the 
elasticity of substitution (H, :0=1) in the three digit industries contained 
in the following two digit industries: Food, Apparel, Paper, Chemicals, 
Fabricated Metals, Transportation Equipment, Instruments and Miscellaneous 
Manufacturing. Reference to Table III-3-4 indicates that the majority 
of the two digit industries with regional differences in their elasticities 
of substitution do not have significant differences in elasticities among 
their three digit industries. (Compare the results set out for the Lumber 
industry in both Tables.) This result is seémingly explained by the fact 
that Zarembka and Chernicoff used a different size of region to estimate 
their differential elasticities and their estimates of the elasticities set 
out in Table III-3-5. The net result is that the existence of wide variations 


among the three digit industries contained in a two digit industry has been 
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TABLE III-3-5,--Estimates of the Elasticity of Substitution for Three-Digit 
Industries and Standard Errors--1963 


Third- Hote 
e (aco neiet) 
Two- a a ee 
digit all when 
Industry \ 1 2 3 4 s 6 7 8 9 Estimates s¢ S15 
ea et oe 8 ee 8S a 8 8 8 Eatiinates 69, 1! 
20 0558" 0.714¢ = 1.259 0.867 0.949 1.081 1309" 1.779% 4/4 1/3 
(113) (106) (340) (.231) (.135) (259) (139) (244) 

22 0.927 0.082 1386 3/0 0/0 
(387) (.714) (.429) 

23 1540 1.959" 1.476" 2.3638 1.869 1.207 1.068 4/3 1/0 
(363) — (.431) (.219) (.457) (.497) (231) (.102) 

24 0.990 0.469 0.835 0.964 0959 s/o 2/0 
(178) | (.281) (123). (.138) (.168) 

25 1.134 0.747 0.953 0562 4/0 1/0 
(.150) (206) (.176) (262) 

26 2308* 0.883 1.172 0.727 3/1 0/0 

(521) (.629) (.458) (225) 
27 0868 1.108 1.059 0.998 0.818 0.884 0.832 1066 8/0 4/0 
, (101) (.102) (.188) (171) (.095) (.437) (.197) (.100) . 
28 0.939 1.796 2231+ 2.053" 1.406 1170 4/2 0/0 
(311) (.497) (.414) (.291) (258) (306) 

29 1.053 0.879" 2/0 0/0 

(437) (459) 
30 0.649 0.643 2/0 0/0 
(.277) (278) 
31 0.991 1/0 0/0 
(.407) 

32 1.235 0.366 1.424 1.207 0.912 1.107 6/0 1/0 
(344) (.699) (311) (120) —(.183) (318) 

33 0.999 =-:1.151 1.297 1.164 0680 S/O 1/0 
(217) (154) (337) (.149) (286) 

1.248 1.323 0.692" 0.811 0.786 0.659 0.907 0.680" 6/2 0/1 
(209) (291) (.120) (.191) (.158) (209) (363) (.156) 

3s 0.717 0.786 0.882 1.119 0.853 0.907 0.820 7/0 4/0 
(205) (317) (.122) (.149) (.138) (314) (.125) 

36 1015 0.923 1.098 0.816 0.763 0.875 1027 7/0 0/0 
(230)  (.293) (.600) (.482) (.292) (225) (249) 
371.706 1.556" 0854 2/1 0/0 
(362) (.263) (281) 

38 0543" 1.006 1.213 2/1 0/0 

(.203) (272) (250) 
39 —0.253" 1.259 0.805 0.787 1218 4/1_—s:1/0 
(.512) (226) (312) (353) (132) 


Data Sources: See text. 
® Significantly different from one at $ per cent. 
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established. In the case under question the finer three digit classification 
did not vitiate the conclusion that an elasticity of substitution equal to 
one was appropriate for most estimation purposes; however, it is clear 

that variations in the industry mix and inter-industry differences at the 
three digit level can easily combine to produce substantial regional 
differences in two digit estimates of various production parameters. This 
implies that more care must be taken in carrying out inter~regional cross- 
sectional studies to ensure that industries under examination have reason- 


ably comparable industry mixes rather than similar names. 
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CHAPTER IV 


INTER-INDUSTRY DIFFERENCES IN THE ELASTICITY 


OF FACTOR SUBSTITUTION 


The Heckscher-Ohlin model has been widely used to provide an 
explanation for the movement of goods and services between various regions. 
Given the following assumptions: 

(1) Identical production functions for all countries; 

(2) Constant returns to scale; 

(3) Perfect mobility of factors within a country and complete immobility 
between countries; 

(4) Inelastic supply of factors; and 

(5) Perfect competition in all markets and an absense of transport costs; 
it is relatively easy to demonstrate that differences in the comparative 
costs of producing various commodities are based on differences in relative 
factor endowments among various countries. The basis for trade rests on the 
emergence of comparative advantages predicated on differences in the factor 
intensities of various commodities. Under perfectly competitive conditions 
countries will export commodities which use their relative factor endow- 
ments most intensively. The eventual equalization of commodity prices 


eventually leads to the equalization of factor prices. 


a ee eee 


lrefer to Clement, Pfister and Rothwell, Theoretical Issues in 
International Economics, (Boston, Massachusetts: Houghton Mifflin Company), 
1967, pp. 81-122, for a detailed treatment of the Heckscher-Ohlin model 
and a review of the empirical studies and issues which challenge its 
validity. Attention should also be paid to the discussion dealing with 
the factor price equalization theorem and factor reversals on pages 


18 to 60. 
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The purpose of this Chapter is to briefly test whether the pre- 
conditions for factor price equalization exist within the domestic 
economy. This may be achieved fairly easily by following the procedure 
adopted by Minhas? which simply amounts to determining whether the strong 
factor intensity assumption--the optimal ratio of capital to labour in any 
given industry is always greater or always less than in any other industry 
regardless of the ratio of factor prices--holds in a C.E.S. world. In 
effect, if an ordering of industries according to their capital-labour 
ratio is affected by changes in the factor price ratio little faith can 
be placed in the assumption that inter-regional trade in commodities will 
result in factor price equalization within the economy. 

The basis for testing the strong intensity hypothesis has been set 
out in Chapter II, pages ten to twelve. Reference to equation (II-1-22) 
indicates that if the elasticities of substitution in a given set of 
industries are identical then the strong intensity assumption remains valid. 
If the elasticities differ the factor price equalization theorem is refuted. 

The following econometric analysis examines the question of whether 
or not there are significant differences in elasticities of substitution 
within a given region. Four regions are examined--Canada, the Atlantic 
provinces, Western Canada and Central Canada. The latter three regions 
are inCluded since inter-industry differences in elasticities of sub- 
stitution for the nation will be affected by the regional differences noted 


in Chapter III. Reduction of the region to its basic sub-component should 


eliminate this objection. 


er 


13. S. Minhas, op. cit., Chapter IV. 
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The Econometric Analysis 


The Completely Unrestricted Model 


Given a situation in which there are j = 1, 2....J industries 
Located inj’yr = 152....R regions with 3 — o, Boa observations on log 
value added per man hour (Y) and the log wage rate (X)--one can express 


the requisite dummy variable form of the ordinary least squares regression 


th 


model for the r region as 


Y, = DA, + X;DA> + €j (IvV-1) 


J 
” 


where i=1, 2....N, N = N.. Dis a (1xJ) vector of dummy variable 


J=1 
De= (D}--D,--D5] with D=l and Dy. = 1 for all observations in the kth 


industry and De = 0 for observations in other industries. 


ay is a column vector of intercept coefficients where 
ee 
A, = |- -@, is the intercept for the base industry and 
as OD eer tees a, are differential intercepts for the 
Jxl remaining industries. 
O54) where 454) is the slope coefficient for the base region 
rae eb Weng ial sl fficients f 
A, = |- and A 9777 -Agz are di erential slope coefficients for 
aoz the remaining industries. 
Jx1l 


There are R models of this type. 
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The Fully Restricted Model 


The fully restricted model is expressed by: 
¥j =a + BX; + U; (Iv-2) 
where i = 1----N 


THE EMPIRICAL RESULTS 
Inter-Industry Results for Four Regions of Canada 

The results of the tests for the homogeneity of the differential 
slope and intercept coefficients in four regions of Canada are set out in 
Table IV-1l. Each region exhibits highly significant inter-industry 
differences at the one percent level. 

Given these results it is necessary to determine whether the subset 
of differential slope (elasticity) coefficients are significantly different 
from zero. The tests! of the requisite null hypothesis for each region are 
set out in Table Iv-2. It is evident that there are significant inter- 
industry differences in the elasticity of factor substitution in all regions 
though the evidence is weaker for Western Canada compared to the other three 


vy ; ek oe ath 
regions (five percent vis-a-vis a one percent level of significance). 


lthe "F" test is given by J. Johnson. 


Fas S3/ (pk-p-k+1) 
S}/(N-pk) 


where p -is the number of industries; 
k -is the number of explanatory variables (excluding dummy) ; 
N -is the total number of cbservations; 
S3-is the increment in the residual sum of squares obtained by subtracting 
S -the residual sum of squares for the full dummy variable regression from 
So-the residual sum of squares for the partially restricted regression 

J. Johnston, Econometric Methods, 2nd edition, (New York: McGraw-Hill, 1972), 


pp. 198-199. 
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TABLE IV-2.--Joint Tests of Significance (Differential Slopes) for 
Inter-Industry Effects in Four Regions of Canada 


Region “F" Value: Degrees of Freedom Significance 
ee Level 
Numerator Denominator 1% 
Atlantic Provinces 5.04 7 141 R 
Central Canada id eib 16 537 R 
Western Canada 1.67 16 496° AS 
Canada 4.41 16 1224 R 


*Reject the null hypothesis at the five percent level. 
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It is an interesting exercise to attempt to identify the various 
industries in each region which exhibit significant differences in the 
elasticity of substitution. This implies that attention must be paid to the 
full (completely unrestricted) regression results and the "t" values for 
the individual dummy slope coefficients. (Refer to the specification set 
out in (IV-1). 

Tables IV-3 and IV-4 provide the requisite information for Canada 
as a whole. Nine industries are significant at the one percent level, 
eleven industries at the five percent level and twelve industries at the ten 
percent level. Five industries--Leather, Paper and Allied, Primary Metals, 
Non-Metallic Mineral Products and the Petroleum and Coal Products--have 
elasticities of substitution which are not significantly different from the 
Food and Beverage industry (approximately 1.6). This result is inter- 
esting since it suggests that there is an important sub-group of industries 
in the Canadian economy in which commodity price equalization could poten- 
tially lead to factor price equalization though it should be noted that 
this comment is highly speculative since it is not at all clear that one 
can meaningfully separate portions of the economy on this basis. 

It should also be noted that generally speaking the output of 
these six industries has a high raw material content. It would be useful 
to estimate a specific form of the production function for each industry 
which included natural resources as well as capital and labour as factors 
of production. 

The results for the three sub-regions of Canada are set out in 


Tables IV-5 to IV-10 inclusive. In the Atlantic Provinces only the Food 
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and Beverage industries and the Non-Metallic Mineral Products industries 
have similar elasticities at the five percent level while in Central 
Canada the Food and Beverage, Printing, Publishing and Allied and Non- 
Metallic Mineral Products industries share a common value at the same level 
of significance. In Western Canada eight industries share a common elast- 
icity at the five percent level with the Food and Beverage industry. 
(Refer to Tables IV-9 and IV-10.) The elasticity of substitution for this 
group is considerably higher than for the remaining nine industries. (It 
should be noted that this comment holds for the other regions with the 
exception of the Printing, Publishing and Allied industry in Canada.) The 
reason for this differential is not clear. The general observation that 
the high elasticity industries seem to have a high raw material component 
holds reasonably well for the nation as a whole and is supported somewhat 
by the results noted in the Maritimes and Central Canada; however, in 
Western Canada the Textile, Clothing, Electrical Products and Transport- 
ation Equipment is included with the Pulp and Paper and Leather industries. 
It is evident that a detailed analysis must be undertaken before any 


conclusions can be drawn. 


The Over-all Significance of the Findings 

The results of the investigation into the question of whether the 
pre-condition for factor price equalization in inter-regional trade exists 
within the nation and three of its sub-regions strongly suggests that 
factor reversals are the rule rather than the exception. This result 
indicates that differences in elasticities of substitution may lead to 
quite different capital-labour mixes within industries located in a given 
region and among various segments of a given industry located in certain 


regions. In effect, the same relative increase in the price of labour 
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relative to capital will lead to a greater degree of substitution of 
capital for labour in various industries which can eventually lead to the 
switching of a given industry from a relatively labour intensive to a 
relatively capital intensive industry. As noted in Chapter II (pages ten 
to twelve) the question of whether this reversal will occur is reduced to 
determining whether the critical factor price ratio falls within the set 


of observable prices. This ratio cannot be determined given our data 
problems. 


It is clear that the results in this ¢hapter must be interpreted 
with a great deal of caution since absolutely nothing has been said about 
technological change or economic growth. Furthermore, the estimates of the 
elasticities of substitution have been obtained without direct recourse 
being made to capital stock data. In addition, it is not at all clear that 
two or three digit levels of industrial activity are the appropriate vehicles 
to use in testing a theory which is defined in terms of specific identifiable 


commodities and factors. 
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CHAPTER V 


CONCLUSIONS AND OBSERVATIONS 


The following conclusions may be drawn from this study: 


CONCLUSIONS 

First, slight variations in time periods do not create any 
significant differences in estimates of the elasticities of factor sub- 
stitution and the efficiency of labour use in Canadian manufacturing 
industries. This conclusion is supported by Zarembka's! comparison of 
elasticities in two digit manufacturing industries in the United States 
between 1957 and 1958. Both of these results disagree with Nerlove's 
conclusion that drastically different estimates of cross-sectional 
elasticities are obtained by slight changes in the time period.? 

Secondly, there are significant inter-regional differences in the 
elasticity of substitution and/or the efficiency of labour use within certain 
two digit manufacturing industries. This partially confirms the Economic 
Council's conclusion that regional income disparities in Canada are caused 


3 in particular, the 


by regional differences in industrial productivity. 
Council's observations on the existence of substantial differences in earned 


income per employed person in aggregate manufacturing in the Atlantic 


4 Zarembka, op. Gist 


2 ibid. 
Srowaras Sustained and Balanced Growth, Second Annual Review, 
Economic Council of Canada, (Ottawa: Queen's Printer, 1965), p. 124. 
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Provinces vis-a-vis Central and Western Canada are weakly supported by 
evidence indicating that there are significant differences in production 
functions for various two digit manufacturing industries located in these 
regions. A more limited comparison of a set of Western and Central Canadian 
manufacturing industries indicated that these two regions tended to have 
common production functions for the majority of industries that were 
considered. 

The reason for eyetailererend in aggregate production functions 
was not satisfactorily resolved. This state of affairs partly stems from 
the lack of capital data; however, a more fundamental problem was 
encoutered--it appears that substantial differences in industry and/or 
product mixes in various regions are associated with significant inter- 
regional differences in the aggregative functions. This observation suggests 
that differences in aggregate production functions simply stem from a 
different weighting of micro-economic functions. It is evident that this 
question must be resolved before any attempt is made to formulate rational 
regional development policies. 

Thirdly, a number of two digit industries have common elasticities 
of substitution. A unitary value for the elasticity cannot be rejected at 
a one percent level of significance; therefore, the selection of a Cobb- 
Douglas form of the production function seems to be appropriate for most 
estimation purposes. This conclusion is supported by Zarembka and 
Chernicoff's study of United States manufacturing industries in 19631 

(Table III=3-4) and is within the range of estimates provided in the set 


of cross-sectional studies noted in Table II-2-1. 


lp, Zarembka and H. B. Chernicoff, op. cit., p. 106-110. 
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Fourthly, if the assumption is made that the existence of 
“uncommon or "non-identical" aggregate production functions reflect similar 
differences in the underlying micro-economic relationships then it follows 
that the Ricardian explanation of inter-regional trade--different costs of 


production attributable to the fact that identical inputs of factors yield 
different outputs of the same commodity in different regions--has equal 
standing with the Heckscher-Ohlin theorem in explaining the direction of 
factor and commodity movements in the manufacturing segment of the Canadian 
economy. 

Fifthly, significant inter-industry differences in the elasticities 
of substitution ensure that the basic pre-condition for ensuring that free 
inter-regional trade in commodities will equalize factor prices is vitiated. 


This result occurred in each of the four regions that were examined. 


Observations 

It is clear that the lack of regional capital stock data has 
greatly hampered the scope of this study. This problem should be rectified 
at the earliest possible opportunity since it is becoming increasingly 
evident that the sound formulation of regional economic policy is becoming 


more and more of an issue in the Canadian federation. The study has 


suggested that certain national economic policies which impact relative 


facter prices will have a uniform effect on all regions for a limited 
number of industries; however, in other cases there are sharp divergencies 
whieh will lead te diametrically opposite effects in certain regional 
ecananles Clearly, decisions which are related to formulating national 


wid pravinelal eeanamie prierities cannot be taken in ignorance of the 


exulieit tradecaffa that are invelved. 
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The severe limitations imposed on this study have been noted on 
numerous occasions. It is worth noting that once a number of alternative 
production function specifications have been tried there is a strong 
possibility that more tangible economic problems can be examined. Any of 
the tentative policy suggestions that have been made should be viewed with 
the ‘appropriate' degree of suspicion that is reserved for a preliminary 
investigation of this nature. 

In conclusion this study is only one of a large number of in- 
vestigations that need to be carried out in the field of regional economics 
in Canada; however, it is important to stress the fact that the attempt to 
formulate relatively simple models which can be used to examine regional 
economic growth problems rests on the determination of the specific form of 
the underlying aggregate production relationships. It is suggested that the 
high priority assigned to the promotion of high and balanced rates of region- 
al economic growth in the Canadian federation should result in the allocation 
of substantial amounts of funds being directed towards the provision of basic 
economic data and econometric research. This has not occurred in any mean- 
ingful way within the Dominion as evidenced by the problems created in this 
study by the lack of available regional capital stock data. The problem 
of formulating viable regional economic policies as well as simply trying 
to obtain some degree of quantitative understanding of basic regional 
economic relationships is tied to the availability of basic data séries. 


The problems created by the lack of reliable regional data are best summed 
by Lord Kelvin's comment: 


«.eWhen you can measure what you are speaking about, and express 
it in numbers, you know something about it; when you cannot 
measure it, when you cannot express it in numbers, your know- 
ledge is of a meagre and unsatisfactory kind; it may be the 
beginning of knowledge; but you have scarcely, in your thoughts, 
advanced to the stage of science... 
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lp, A. Samuelson and A. Scott, Economics, Second edition, 
(Toronto, Ontario: McGraw-Hill, 1968), p. SLL. 
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